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Physiological and Histological Changes in the Vagina of the 
Cow During the Estrual Cycle 


PAUL C. BROWN, B.S., M.S., D.V.M. 
Lafayette, Indiana 


NoRMAL, efficient reproduction is dependent 
upon the production of highly viable sper- 
matozoa and ova and the maintenance of 
the genital tracts of both sexes in an op- 
timum condition for fertilization, implanta- 
tion, and fetal development. The failure of 
the ovaries or testes to produce viable germ 
cells may be a cause of lowered fertility or 
absolute sterility, but unfavorable condi- 
tions in the male or female genital tract 
may likewise make it impossible for per- 
fectly normal germ cells to be fertilized or 
continue to develop after fertilization. Low- 
ered fertility results in breeding inefficien- 
cy, which means economic loss to the pro- 
ducer. 

Breeding inefficiency in cattle is a prob- 
lem long recognized by workers in the field 
of animal production as well as by herds- 
men and cattle owners the world over. For 
many years, it has been observed by many 
of the individuals concerned that some cows 
fail to conceive when mated with sexually 
potent and fertile bulls. These cows are 
apparently normal, at least they have nor- 
mal astrual cycles and no recognizable geni- 
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tal pathological lesions. It is also common 
knowledge that, frequently, such cows have 
conceived promptly when bred shortly fol- 
lowing douching the vagina with weak solu- 
tions of sodium bicarbonate. 

These observations have been largely re- 
sponsible for the opinion among some cat- 
tlemen and veterinarians that the vaginal 
conditions are, in some unknown way, dele- 
terious to normal spermatozoa. There is 
also the hypothesis that the hydrogen-ion 
concentration of the vagina and its secre- 
tions varies from the normal optimum (for 
spermatozoa) from time to time during the 
estrual cycle and this is, in the main, the 
reason why conception does not take place. 


This study was undertaken in an attempt 
to throw some light on the phenomena 
associated with the estrual cycle, such as pos- 
sible changes in the hydrogen-ion concen- 
tration, the character of the secretions, his- 
tological changes in the mucosa, and others. 
It is generally agreed that the complete 
physiology of the genital tract is still not 
too well known. Therefore, any contribu- 
tions to the total present day knowledge 
may aid in completing the picture so that 
in time a better understanding of the sub- 
ject will be available. 


REVIEW OF LITERATURE 


The reaction of the vagina and secretions 
found therein as a possible cause of sterility 
has long been under discussion. The earliest 
interest in this question probably arose in the 
field of human gynecology. In 1866 Marion 
Simms! made the statement: “The vagina and 
cervix each secretes a mucus peculiar to itself. 
That of the vagina is acid; and that of the 
cervix is very slightly alkaline.” This state- 
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ment may have been the origin of the theory 
that hyperacidity of the vagina was an impor- 
tant cause of sterility. Two decades later, 
1887, Jackson! wrote: “The most frequent 
cause of the untimely death of spermatozoa is 
the acid mucus of the vagina.” Forty years 
later, 1926, Muschat? reported that the opti- 
mum pH for maximum motility of human 
spermatozoa was between pH 8.5 and 9.5, and 
that motility decreased progressively as the 
pH was lowered and disappeared completely 
when pH 6.0 was reached. Hyperacidity of the 
human vagina may be a factor in sterility. 

Many species of animals, including man, 
have been studied in connection with this prob- 
lem. However, this paper is confined to work 
done with the cow. For a complete review of 
literature covering studies on other animals. 
The original thesis should be consulted. (See 
footnote page 1.) 

In the bovine species, vaginal acidity has 
been advanced as an important factor in steril- 
ity. A sodium bicarbonate douche just prior 
to mating is frequently recommended as a 
means of overcomng sterility in the absence of 
any recognizable lesions. The basis for this 
treatment is its supposed effect in increasing 
the pH to create a more favorable environment 
for the spermatozoa. 

A number of workers have not been in ac- 
cord on the above mentioned theory. Rein- 
hardt*® stated: “The frequently held view that 
in disease the vaginal secretion is acid and 
this condition has an especially deleterious ef- 
fect on sperm, is not true, for in normal as 
well as in diseased vaginas the reaction for the 
most part is neutral or alkaline.” Wester* 
found that normal bovine vaginal contents 
were alkaline to litmus paper. He believed 
that the favorable results obtained through the 
use of sodium bicarbonate douches in bovine 
sterility were due to the mechanical removal 
of spermatoxins instead of to neutralization 
of acidic material. Kaden,® working with 84 
live and 39 slaughtered animals and using 
litmus paper and phenolphthalein indicator, 
found that in 190 vaginal samples studied, 189 
were alkaline and 1 acid. In 23 diseased ani- 
mals, 19 showed alkaline reactions. He con- 
cluded that vaginal acidity was not an impor- 
tant factor in bovine sterility. 

Woodman and Hammond,® working with 
material from 34 slaughtered animals and 
using litmus paper (pH range 4.5 to 8.3), re- 
port that in no case was an acid reaction ob- 
served (below pH 6.4). Falaschini? compared 
the pH of the vaginal discharges from 30 
healthy cows with those from 55 sterile cows 
which were known to be suffering from condi- 
tions such as ovarian cysts, persistent corpora 
lutea, salpingitis, vaginitis, cervicitis, etc. 
Using colorimetric methods, he found that the 
discharges from healthy cows and cows having 
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lesions in the ovaries showed neutral pH re. 
actions. The discharges from cows showing 
lesions in the uterus, cervix, or vagina varied 
from pH 6.2 to 6.9, the more severe the lesion; 
the lower the pH value. 

Working with 55 healthy and 115 diseased 
animals and using a quinhydrone electrode, 
Lober® found the reaction of vaginal secretions 
to be alkaline. In healthy cows, the average 
pH was 7.5 with only one animal showing a pH 
below 7.0 (pH 6.58). The diseased group in. 
cluded animals suffering from pyometra, en. 
dometritis, ovarian dysfunction, and trichomo. 
niasis. The average pH was 7.36 with the 
range between pH 7.01 and 7.8 He concluded 
that an alkaline reaction of the vagina is 4 
fairly constant characteristic. 

Lemke,’ using an electrometric method, de. 
termined the pH of the vaginal secretions of 
73 calves, 19 young cattle, 92 nonpregnant 
and 16 pregnant cows. Of the 200 animals, 
24 calves, 1 heifer, and 2 cows showed acid 
secretions; all others were alkaline. The aver. 
age values for the groups were: nonpregnant, 
8.2; pregnant, 7.64; calves, 7.3. Lemke found 
that the pH varied during the sexual cycle 
but was always alkaline. 

McNutt, Schwarte, and Eveleth’® studied 
the pH of vaginal secretions of normal heifers 
and cows. They report that the vaginal secre. 
tions fluctuated around neutrality but were 
alkaline at time of estrus; and, that the cervi- 
cal secretions were more alkaline than thos 
of the vagina. 

Lardy, Pounden, and Phillips!! used a Cole- 
man glass electrode apparatus in determining 
the pH of vaginal and cervical fluid from cows. 
Their work showed the pH of the vagina to 
be slightly acid during anestrus and slightly 
alkaline during estrus. They believe, as d 
McNutt et al.,’° that the alkalinity of the cer- 
vical fluid (pH 8.3 average) influences the re- 
action of the vagina during estrus. 

Smith and Asdell'? and Asdell, Fincher, 
Smith, and Elliott'* found the vaginal pH 
be alkaline (pH 7.0 to 8.9) at all times during 
the estrual cycle. Determinations were made 
with a glass electrode and Beckman pH meter. 
There was considerable fluctuation of the pi 
from time to time during the cycle with high 
values during diestrum and low values during 
metestrum. These workers conclude that 
vaginal acidity is not a factor in bovine 
sterility. 

All of the foregoing results were obtained 
on samples removed from the genital tratt 
either at slaughter or collected manually. Al 
are in fairly close agreement considering 
the results and methods used. Howevel, 
Dougherty,'* using a specially constructed 
glass electrode, measured the pH values 
vivo and reports quite different results. 
some 400 cows examined, he reports a range 
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of pH between 5.52 and 8.0, only 21.5 per cent 
of his values being above pH 7.0. Sixty-four 
and five tenths per cent of the values were 
between pH 6.5 and 7.5, values which are com- 
patible with sperm viability. It is believed 
that Dougherty’s work presents a truer picture 
of vaginal pH since the pH values were ob- 
tained in vivo. 

A cyclic change in the quantity and quality 
of the secretion found in the vagina as well as 
in the tone of the cervix and uterus has been 
reported. The secretions are most abundant 
and liquid just before and during estrus and 


as the os was approached. Near the os 
uteri the stratified epithelium was thin and the 
superficial layer was made up of mucin-pro- 
ducing columnar type cells. Cyclic changes 
were noted. 


Cole’® agrees quite closely with Hammond.'® 
He too recognized the fact that the character 
of the vagina varied in its length and that 
cyclic changes occurred. The entire epithelium 
was thickened during estrus and postestrus 
and was thinnest during early proestrum, but 
the most marked changes occurred in the area 
adjacent to the cervix. Instead of cornifica- 


Fig. | — Frequency 
curve of 807 determi- 
nations ( ) com- 
pared with normal dis- 
tribution curve (- - -} 
constructed by mathe- 
matical calculations. 
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become very thick and scanty within seventy- 
two hours after estrus. This latter condition 
exists throughout the cycle until just prior to 
the next heat period. The cervix relaxes just 
prior to estrus, reaching maximum during 
estrus and then is contracted within seventy- 
two to ninety-six hours after estrus.*:!5 
Woodman and Hammond? believe that relaxa- 
tion in the cervix of the cow is due to the 
effects of an edema of the tissues which occurs 
just prior to heat. 

Histologically, Hammond'® reported that 
three distinct areas have been distinguished 
In the vagina of the cow: (1) next to the 
8; (2) above the urethra; and (3) next to 
the vulva. Near the vulva, the stratified 
squamous epithelium was thick and decreased 


tion of the epithelium during estrus, as in 
other species, the superficial epithelium was 
composed of tall columnar, highly active, 
mucus-secreting cells. Also, the epithelium 
was reduced to its lowest number of layers 
during estrus and yet, in spite of this, it at- 
tained its greatest thickness at this time, due 
to the great increase in height of the individ- 
ual cells of the superficial layer. This condi- 
tion persisted through estrus. During the first 
day of postestrus the number of layers in the 
epithelium was increased while the superficial 
layer began to recede in height. The second 
day after estrus the number of layers was 
increased still more and the superficial layer 
was decreased to a polyhedral form. For the 
remainder of the cycle, the epithelium tended 
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to become lower and the superficial layer 
varied from flattened to low columnar. Leuco- 
cytes were present in greatest numbers from 
one to two days after estrus. 

Numerous workers have reported on the 
physiological and histological changes in the 
ovary during the estrual cycle and all have 
been in fairly close agreement in their results. 
Kiipfer,’*? however, is probably the most out- 
standing of the early workers. His detailed 
studies of all the farm animals have shed 
much light on the changes which occur in the 
normal ovary during the estrual cycle. 

In his work on the cow, Kiipfer dia- 
grams the development of the Graafian fol- 
licle and the corpus luteum very clearly. 
Numerous follicles are present in the ovary 
at all times. The follicle which is _ to 
ripen begins to enlarge at about mid-cycle 
(9 to 11 days) within the substance of the 
ovary and continues to grow slowly until just 
after the onset of heat when a sudden en- 
largement takes place. At this time, about 
half of the follicle is above the surface of the 
ovary and it can readily be palpated. Rupture 
occurs and the formation of the corpus luteum 
begins immediately. Development of the 
corpus luteum continues until about mid-cycle 
(9 to 11 days) and then begins to regress. At 
this time a new follicle begins to ripen. Re- 
gression is slow and complete regression may 
extend through as many as two or three suc- 
ceeding cycles. 

Hammond,'!® Cole,’® and Nalbandov and 
Casida'® are in general agreement with 
Kiipfer'* regarding the development of the 
follicle and corpus luteum. However, Ham- 
mond reports that the regression of the corpus 
luteum is much slower than it would appear 
from Kiipfer’s work. He found that there is 
a period of several days throughout which the 
corpus luteum is maintained at its maximum 
size, and then rapid regression as the new 
follicle grows. 

It is generally agreed that ovulation in the 
cow occurs within twelve to eighteen hours 
after the cessation of estrus. Brewster, May, 
and Cole'® and Brewster and Cole,?° working 
with a mixed herd of cattle (53 individuals), 
found that the average time of ovulation was 
13.57+0.68 hours after the cessation of heat, 
with a range from two hours before to twenty- 
six hours after the end of heat. 

Nalbandov and Casida, working with 22 
dairy animals, found that the average time of 
ovulation was 14.16 hours after the cessation 
of estrus. 


It is a well-known fact that the phenomena 
associated with the estrual cycle are under en- 
docrine control. Allen?! cites numerous workers 
who have demonstrated that the vaginal 
epithelium thickens under the influence of 
estrogens (follicle maturation period) and 
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desquamation occurs after ovulation when 
progesterone (from corpus luteum) inhibits 
the estrogenic effect. It has also been shown 
that all the phenomena of estrus may be pro. 
duced in the castrated female by injections of 
estrogens. 


METHODS AND PROCEDURES 


Over 400 examinations were made on 38 
animals from the Purdue University dairy 
herd. No selection of cases was made, the 
animals being placed on the experiment imme. 
diately after parturition or as soon thereafter 
as was feasible; or as soon as estrus was 
noted. 

Each animal was examined on the day of 
heat and every five days thereafter until the 
next heat period. Some animals were ex. 
amined through two or three estrual cycles or 
until the first insemination. Animals that had 
recently calved were examined at weekly in- 
tervals until the first heat period after caly- 
ing and then put on the five-day routine. 

The animals were examined in stanchions, 
The examination included, in the sequence 
listed, the following: examination with a 
speculum of the vagina and external os for 
degree of vascularity; pH determinations; 
manual examination of the vagina and cervical 
os, collection of samples of secretions and tak- 
ing of biopsy specimens; and palpation per 
rectum, of the uterus, tubes, and ovaries. 
Strict cleanliness and aseptic procedures were 
maintained. All instruments used, with the 
exception of the glass electrode, were kept in 
disinfectant (thymolin solution or *HTH 15) 
and rinsed with clear water followed by dis- 
tilled water immediately before use. The glass 
electrode was disinfected with 70 per cent 
alcohol and rinsed with distilled water imme- 
diately before using. 

The degree of vascularity was estimated 
immediately upon the introduction of the 
speculum. Arbitrary standards were estab- 
lished according to the following: 


Vascularity 
Normal 
Moderate 
Marked 
Very marked 
The amount of secretions recovered from the 
anterior vagina was estimated when samples 
were withdrawn manually. Samples were 
immediately transferred to vials for later de 
termination of surface tension in the labor 
tory. Because of the. markedly varying 
amounts of secretions during the estrual cycle, 
it was decided to use surface tension measure 
ments as an indication of concentration 
dilution. The Cenco-du Noiiy tensiometer was 


*HTH is the trade 
chlorite preparation. 
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ysed in this determination. This method con- 
sists of measuring the amount of force, by 
means of a sensitive torsion balance, necessary 
to pull an accurately constructed platinum- 
iridium ring away from the surface of the 
liquid. The results were not entirely satisfac- 
tory and are, therefore, reported strictly on a 
comparative basis. 

The degree of cervical tone was estimated 
by digital palpation according to the number 
of fingers which could be introduced into the 


Both values were recorded. The total elapsed 
time for making these determinations was 
about two minutes. The electrode and pH 
meter were standardized against a standard 
buffer solution (pH 4.0) each day before use. 

Vaginal tissue was obtained by the biopsy 
method immediately after digital examination 
of the cervix using a biopsy forceps. The 
tissue was taken from the wall of the anterior 
vagina, where the vaginal wall blends with the 
external os of the cervix, and immediately 


Fig. 2— Scattergram 
showing distribution of 
pH during the estrual 

cycle. 
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external canal opening; the following scheme 
being used: 


Contracted 

Slightly relaxed 
Slightly contracted 
Relaxed 


pH determinations were made in vivo with 
a Beckman pH meter and a specially con- 
structed electrode assembly as described by 
Dougherty.14 The electrode was inserted into 
the vagina until the tip was against the wall 
of the anterior vagina in the cul-de-sac formed 
by the union of the protruding external c» of 
the cervix and the wall of the vagina. Two 
readings were made, the first ventral to the 
0s in order to determine the pH of any secre- 
tions which might have collected in the vagina; 
and ‘he second, dorsal to the os in order to 
determine the pH of the wall of the vagina. 
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fixed in Bouin’s picro-formal solution. Sub- 
sequently, the tissues were dehydrated in butyl 
and ethyl alcohol, imbedded in paraffin, sec- 
tioned at about 10 micra and stained in Har- 
ris’ hematoxylin and orange G. 

Rectal palpation of the internal reproduc- 
tive organs was made last in the sequence. 
The presence or absence of corpora lutea, 
follicles, cysts, and other abnormalities were 
noted and recorded. The fallopian tubes were 
examined for any pathological condition and 
the condition of the uterus was noted. 


RESULTS 


pH of the Vagina.—As mentioned above, 
two pH determinations were made at each 
examination. In all, 807 separate deter- 
minations were made on 38 cows; each cow 
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being examined periodically through at 
least one complete estrual cycle. 

The highest pH value obtained was 8.3 
and the lowest was 6.2; 86.36 per cent of 
the total number of readings fell between 
6.50 and 7.49 (7.5); 48.33 per cent were 
below 7.0; and 51.67 per cent were above 
7.0, while 23.05 per cent fell between 6.90 
and 7.09 (7.1). 

The frequency distribution of the results 
obtained is shown in figure 1. When com- 


70 
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— BELOW CERVIX 
ABOVE CERVIX 
J DAY OF HEAT 


Day OF CYCLE 
Fig. 3—Graphs showing the variation of vaginal 
pH of individual cows during the estrual cycle. 


pared with a normal distribution curve cal- 
culated to fit these data, it is seen that there 
is only slight skewing to the right. 

The scattergram (fig. 2) shows the dis- 
tribution of pH values through the estrual 
cycle. This distribution shows that there is 
little variation in pH during the estrual 
cycle and that the majority of the values 
fall between 6.5 and 7.5. Also, there ap- 
pears to be a slight tendency for the pH 
value to decline at time of heat. 

The curves illustrating the variation of 
the pH during the estrual cycle for 7 indi- 
vidual animals are shown in figure 3. These 
curves were selected at random from the 
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entire group as representative of the pic. 
ture presented by each animal of the total 
number studied. 

All cows were eventually successfully 
bred. Four animals required four or more 
services before conception, the highest num- 
ber of services was seven. The range of pH 
in these 4 animals was 6.57 to 8.29. Nothing 
in this study indicated a correlation be- 
tween the pH of the vagina and failure to 
breed. In fact, the one animal requiring 
the greatest number of services (seven) 
showed a pH range of 6.66 to 7.98 over a 
period covering four cycles. The average 
pH at time of heat in this animal was 6.91. 

Vascularity of the Vaginal and Cervical 
Mucosae.—Rhythmic changes were observed 
throughout the estrual cycle. The vascuv- 
larity was most marked during estrus, the 
mucosa being very red and hyperemic, and 
diminished rapidly after estrus so that the 
opposite extreme was reached within three 
to five days after the day of heat. The de- 
velopment of the hyperemia was very rapid, 
developing from normal (+) to very 
marked (++-+-+-) within twenty-four to 
thirty-six hours prior to the onset of estrus. 
Vascularity was marked immediately fol- 
lowing parturition but usually had receded 
to the interestrual condition within fifteen 
to twenty days after calving. 

Vaginal Secretions.—This term is used 
to designate all secretions found in the 
vagina regardless of their origin or source. 
Rhythmic changes in the quantity and con- 
sistency of the secretions were apparent 
during the estrual cycle. About twenty-four 
hours preceding the onset of estrus, secre- 
tions began to accumulate and reached the 
maximum during heat. Immediately fol- 
lowing the cessation of heat, the amount 
diminished rapidly so that within three to 
five days little or no secretions were present. 

The consistency of the secretions fol- 
lowed the same pattern as the quantity. 
During estrus they were relatively thin and 
serous, flowed readily, and were almost 
water clear. As the quantity decreased, im- 
mediately following estrus, the secretions 
became thickened and mucilaginous, with 4 
yellowish to brownish color. 

The character of the secretions apparent: 
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ly does not change on long standing. Since 
the material was organic in nature, it was 
expected that there would be some sort of 
decomposition in a relatively short time. 
However, collected samples have been kept 
for as long as eighteen months without any 


Fig. 5—Vaginal Mucosa, one 
day after estrus (x250). The super- 
ficial layer is decreasing in height. 
The number of layers of stratified 
epithelium is increased. Leuco- 

cytes are absent. 


apparent change—no odor, liquefaction or 
bacterial growth. While most of the sam- 
ples were kept at refrigerator temperature 
(40 F.), many have stood at room tempera- 
ture for more than sixty days without 
change. It should be pointed out that these 
samples were collected under ordinary asep- 
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tic conditions and stored in clean but non- 
sterile containers. 

Cervical and Uterine Muscle Tone.—Dur- 
ing the interestrual period the cervix (the 
outer annular ring) was usually contracted 
so that even the little finger could not be 


Fig. 4—Vaginal Mucosa, day of 
estrus (x250). Note the height of 
the columnar type cells of the 
superficial layer. The number of 
layers of stratified epithelium is 
at the minimum. Leucocytes are 

absent. (Compare figure 10.) 


inserted into the canal opening. About four 
to six days before the onset of estrus, a 
slight relaxation (1 finger) was noted; and, 
at full estrus when the flow of secretions 
was maximum, the outer annular ring of 
the cervix was only slightly contracted (2 
fingers). The return to the interestrual 
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condition was very rapid, in some cases 
within twenty-four hours and in all cases 
within three to five days following heat. In 
two cases where there was mild metritis, 
the cervix remained slightly relaxed 
throughout the interestrual period. 
Following parturition the cervix was com- 
pletely relaxed until after normal expulsion 
of the membranes. Within twenty-four to 
forty-eight hours following the expulsion 
of the membranes, the cervix was slightly 
contracted to slightly relaxed. It remained 


in this state usually a short time longer 
than the period necessary for the complete 
involution of the uterus, usually four to six 
weeks. When the uterus ceased to discharge 
any fluid, the cervix quickly contracted to 
the interestrual state. 

In most cases, involution of the uterus to 
its normal size took place within three to 
four weeks following parturition. During 
estrus the uterus became somewhat en- 
larged, softened and edematous. These 
changes began to occur two to three days 
preceding the onset of estrus and returned 
to a firm, contracted state within three to 
five days following estrus, remaining so 
through the interestrual period. The no- 
ticeable changes in the uterus usually fol- 
lowed the relaxation and preceded the 
contraction of the cervix by twelve to 
thirty-six hours. 


— 


Epithelium.—The epithelium of the ya. 
gina in the region of the external cervica] 
os is distinctly characteristic in the cow. 
and it is in this region that the most 
marked changes occur. The superficial layer 
is composed of columnar type mucip- 
secreting cells. Below this superficial layer, 
the epithelium is of the stratified squamous 
type and is of varied thickness. 

The changes during the estrual cycle fol- 
low a rhythmic pattern. During estrus the 
cells of the superficial layer are at their 


Fig. 6—Vaginal Mucosa, two 
days after estrus (x250). The 
superficial layer is further de- 
creased in height. Cells are 
cuboidal to polyhedral type. 
The number of layers of 
stratified epithelium is maxi- 
mum. Note presence of leuco- 


cytes. 


greatest height and usually greatly dis- 
tended with mucus. At this time, the num- 
ber of layers of squamous type cells is the 
lowest. However, in spite of the low squa- 


mous layer, the total thickness of the 
epithelium is greatest during estrus be- 
cause of the great increase in height of the 
columnar cells. One day after estrus, the 
columnar cells begin to diminish in height 
while the number of layers of squamous 
cells increases. Two days after estrus, the 
superficial layer of epithelium is reduced 
still further in height to a cuboidal or 
polyhedral type cell, and the number of 
layers of squamous cells reaches the maxi- 
mum. From this time on, the super‘icial 
layer varies from low columnar to l!arge 
polyhedral in type and remains so during 
the remainder of the interestrual period. 
The number of layers of squamous cells de- 
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creases gradually to the lowest number (at 
estrus), the average number at this stage 
being 2 to 4. These cyclic changes are illus- 
trated in figures 4 to 10, inclusive. 
Leucocytic invasion of the subepithelial 
tissue seldom occurred during estrus. The 


Fig. 8—Vaginal Mucosa, 
days after estrus (x250). Note 
that the cells of the superficial 
layer have increased in size. The 
number of layers of stratified epi- 
thelium is gradually decreasing. 
Leucocytes are absent. 


maximum invasion usually was seen two to 
five days after estrus (fig. 6 and 7). 

After parturition, the epithelium is com- 
parable to the interestrual condition. The 
superficial layer is of low columnar to poly- 
hedrai type and the number of layers of 
squamous cells is minimal (fig. 10). 

Ovaries.—Follicles could not be detected 
with any degree of certainty as late as 
twelve hours before the onset of estrus. 
Their growth was very rapid just prior to 
the onset of estrus and the maximum size 
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was reached soon after the onset of heat. 
The size of the mature follicle varied from 
1/4 to 5/8 inch in diameter. When palpated 
at full size about half of the follicle was 
above the surface of the ovary. Its surface 
was tense to the touch except just before 


Fig. 7—Vaginal Mucosa, five 
days after estrus (x250). The 
superficial layer is reduced to 
its lowest point. Cells are al- 
most squamous in type. The 
number of layers of stratified 
epithelium is decreased. A 

few leucocytes are present. 


ovulation, when it seemed to soften a little. 
Occasionally, a follicle was ruptured during 


palpation without extra pressure. Normal 
ovulation, when noted, occurred within 
twenty-four to thirty-six hours after the 
onset of heat. 

Corpora lutea could be detected as early 
as three days after estrus. They developed 
gradually and reached their maximum size 
about ten days after estrus. From ten to 


seventeen days after heat, there was very 
little change in their size or character. 
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Rapid regression followed so that by the 
onset of the next estrus the corpus luteum 
had receded to about one third to one quar- 
ter of its maximum size. From this stage 
on, regression was very much slower; in 
fact, in many instances regression was so 
slow that the corpus luteum of one cycle 
could be detected into the third succeeding 
cycle. Frequently, a newly developed as 
well as a degenerated corpus luteum could 


be palpated in the same ovary. The maxi- 
mum size of the corpora lutea varied from 
one half to one inch in diameter and in 
many cases was about two-thirds to three- 
fourths the size of the ovary. In cases of 
a persistent corpus luteum, the maximum 
size was maintained on into the next cycle 
or longer. 


DISCUSSION 


With the exception of Dougherty,’ all 


workers‘’*'* investigating the pH of the 


vaginal tract in cattle have been in agree- 
ment that the normal reaction is alkaline. 
The methods used in these determinations 
have varied; some workers using colorimet- 
ric and others using electrometric methods. 
However, all methods, with the exception 
of that of Dougherty, who made his deter- 
minations in vivo, were alike in that the pH 
determinations were made in vitro. Since 
it is known that body fluids and secretions 


may undergo rapid changes in pH when ex- 
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posed to outside air, this may account for 
the difference in Dougherty’s results as 
compared to other workers. 

It may be that these workers*:*® who 
used litmus paper or litmus paper and phe- 
nolphthalein to determine the pH and re. 
ported alkaline findings, were unfortunate 
in their choice of indicators. Litmus paper 
has a useful color range between pH 4.5 and 
8.3 and changes from red (acid) to blue 


Fig. 9—Vaginal Mucosa, |7 
days after estrus (x250). The cells 
of the superficial layer are in the 
typical interestrual stage, poly. 
hedral to low columnar. The num- 
ber of layers of stratified epithe- 

lium is further reduced. 


(alkaline) at about pH 6.4. Hence, it is 
conceivable that a number of these workers’ 
cases fell between 6.4 and 7.0 (neutral 
point) without being detected. If this were 
true, their results would be in closer agree- 
ment with Dougherty’s. 

The results obtained in this study are in 
fairly close agreement with the work of 
Dougherty. He reported a pH range of 5.42 
to 8.00 with an average of pH 6.6. The 
range in this study was 6.2 to 8.3 with an 
average of pH 7.0. While 78.5 per cent of 
Dougherty’s values fell below pH 7.0 as 
compared to 48.33 per cent in this study, 
it is interesting to note that 44.75 per cent 
of his readings were between pH 6.51 and 
7.0 compared to 45.97 per cent in this study. 
The greater percentage of readings below 
the neutral point, pH 7.0, in Dougherty’s 
work as compared to this work might be 
explained by the difference in procedures. 
He made determinations on a large number 
of individuals and it may be that by chance 
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a majority of the determinations were made 
at times in the estrual cycle when the pH 
was at a low point. In this work, a series 
of determinations was made on a number 
of individual animals over one, two, or three 
cycles, hence, it may be considered that 
many readings were repeated and added 
weight to the particular group in which 
they fell. 

This work has shown that there is a re- 


Fig. 10—Vaginal Mucosa, 20 
days after estrus (or two da 
before the next estrus) (x250). 
The cells of the superficial layer 
are slightly increased in height. 
The number of layers of stratified 

epithelium is at the minimum. 


markable constancy of pH in individual ani- 
mals (fig. 3). Although some variation is 
shown, extremely high or low values are 
rare; 86.36 per cent of the pH values fell 
between 6.5 and 7.5, a range which is well 
within the optimum pH for spermatozoa 
within the female genital tract. Only 2.35 
per cent of the pH values fell below 6.5, 
and none below 6.0, the point at which 
sperm motility is affected most. 

All of the animals used in this experi- 
ment have been successfully bred. Four re- 
quired four or more services before concep- 
tion; the highest number of services before 
conception being seven. In this animal, the 
range of pH was 6.66 to 7.98 over a period 
covering four estrual cycles. The average 
DH at time of heat for the four cycles was 
6.91. The range of pH for the 4 animals 
requiring four or more services before con- 
ception was 6.57 to 8.29. Hence, there is 
nothing in these data to indicate that there 
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is a correlation between the reaction of the 
vagina and failure to conceive. 

Cystic ovaries, persistent corpora lutea, 
retained placenta, metritis and other patho- 
logical conditions were encountered during 
the course of the experiment. None of these 
conditions affected the constancy of the pH 
values to any degree. Cow 536 (fig. 3) is 
a case in which cystic ovaries occurred. 
Cow 43A (fig. 3) illustrates a case of re- 


tained placenta followed by a metritis; also 
cystic ovaries. No noticeable affect on the 
pH values was noted. 

Secretions found in the vagina and cervix 
are of interest because of the changes which 
take place during the estrual cycle. The 
changes taking place may play an important 
role in assisting or hindering the ascent of 
spermatozoa from the vagina to the uterus 
or fallopian tubes. It may well be that this 
phenomenon has been overlooked in the 
problem of decreased breeding efficiency in 
otherwise normal cows. 

Woodman and Hammond® and Ham- 
mond'® have made extensive studies on the 
cervical secretions. Mucin is produced by 
the epithelium of the cervix and upper va- 
gina of the cow in considerable quantities 
just prior to the onset of heat, usually about 
twenty-four hours, reaching the maximum 
amount at the height of estrus. At this 
time, there is an actual flow of secretions 
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down the vagina and out through the vulva. 
After heat, the amount diminishes quite 
rapidly so that within three to five days 
there is little or no secretion present; a 
condition which is maintained through the 
remainder of the cycle. 

During the interestrual period, when the 
amount is scanty, the secretion is thick and 
mucilagenous, but as heat approaches, the 
amount increases, liquefies and flows readi- 
ly. Woodman and Hammond state that the 
liquefaction of the thick mucous material 
is probably due to the edema of the tissues 
which commences about the time of heat. 
It is this edema which causes the normally 
rigid tissues (contracted) of the cervix to 
become flacid and soft during estrus and 
leads to the well known effect of the open- 
ing of the cervix at the time of heat. The 
edema begins with the congestion of the 
blood vessels and migration of leucocytes 
and lymph into the subepithelial tissue in 
all parts of the genital tract. This is fol- 
lowed eventually by the breakdown of the 
blood capillaries and frequently bleeding 
occurs forty-eight to seventy-two hours 
after the onset of heat. The brownish color 
of the secretion which is frequently observed 
a few days after heat is probably due to the 
presence of decomposing blood. The fore- 
going adequately explains the changes in 
the vascularity of the vagina and cervix 
which were observed. 

The color changes in the secretions, from 
water-clear at the time of estrus to yellow 
or brownish during the interestrual period, 
is apparently due to contamination with 
uterine milk. This is a thick yellowish fluid 
containing many leucocytes and fat globules 
which is produced by the uterine glands 
which are most active during mid-cycle. 

Liquefaction of the cervical secretions is 
apparently necessary for the free movement 
of the spermatozoa from the vagina where 
they are deposited, through the cervix and 
uterus and on up into the fallopian tubes 
where fertilization occurs. It is, therefore, 
necessary that the liquefying mechanism 
involved function during estrus, otherwise 
the spermatozoa would have considerable 
difficulty in passing through the cervix. If 
the edema and resulting liquefaction of the 


secretion at heat is slight or late in its oe. 
currence, it is entirely possible that lowered 
fertility may result. Since weakly alkaline 
solutions are known to be mucous solvents, 
it is conceivable that douching with such 
material and the resultant liquefaction of 
the secretions would materially aid the 
spermatozoa to ascend the tract. This may 
well be the explanation of the popular con- 
ception to the effect that difficult breeding 
animals apparently have been benefited in 
some cases by douching with weak sodium 
bicarbonate solution. Further studies are 
needed to definitely prove or disprove this 
popular hypothesis. 

Cyclic changes in the vaginal mucosa 
were noted. The most pronounced changes 
occurred in that portion approximating the 
external cervical os. Hammond’® and Cole" 
have described three areas in the length of 
the vagina, but, in this work, only that por- 
tion of the vagina nearest the cervical os 
was studied. The results in this work were 
in fairly close agreement with the work of 
Hammond and Cole. 

The mucosa of the vagina near the cervi- 
cal os is made up of a superficial layer of 
columnar-type mucus-secreting cells, with 
stratified squamous epithelium of varied 
thickness beneath. During estrus these col- 
umnar cells attain great height and are fre- 
quently distended with mucus (goblet cells). 
At the same time, the number of layers of 
stratified cells are at the minimum. As in 
other animals, the mucosa is thickened dur- 
ing estrus but the increase in thickness 
comes from the greatly increased height of 
the columnar cells rather than from 4a 
growth of the stratified layers. 

One to two days after estrus, the strati- 
fied epithelium layers have increased to the 
maximum number but the total thickness of 
the mucosa is receding due to the regression 
in height of the superficial layer. During 
the remainder of the interestrual period, 
the stratified epithelium regresses gradually 
while the superficial layer remains low col- 
umnar to large polyhedral in type. With 
the onset of estrus the above processes be 
gin anew. 

Leucocytic invasion of the subepithelium 
was maximum two to five days after estrus. 
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This is not quite in agreement with Ham- 
mond and Cole, who state that the maxi- 
mum invasion was within two days of 


estrus. 

In this work, gross examination of the 
ovaries was included in order to be sure 
that the animals used had no detectable or- 
ganic lesions. While it is true that cystic 
ovaries and retained corpora lutea were en- 
countered in some animals, these indi- 
viduals responded to treatment and were 
successfully bred. 

The results of the gross examination of 
the ovaries were essentially in accord with 
other workers.'® Follicles could not be 
detected much before the onset of estrus. 
Their development, although beginning at 
about mid-cycle, was exceedingly rapid just 
before and reached the maximum soon after 
the onset of heat. At maximum size, they 
could readily be palpated as half or more 
of the follicle extended above the surface 
of the ovary. 

Evidence of ovulation could readily be 
detected by the depression which remained 
at the site of the follicle if the examination 
was made at the right time. It was found 
that ovulation, when it occurred, was with- 
in twenty-four to thirty-six hours after the 
onset of heat. This is in accord with Brew- 
ster ef al.,’*?° and Nalbandov and Casida,'® 
who report ovulation occurring thirteen to 
fourteen hours after the cessation of heat. 

The early development of the corpora 
lutea was rapid. As early as twenty-four 
hours after rupture of the follicle, the re- 
sulting cavity was well filled with a more 
or less spongy mass. Within three days, 
this mass became firm and uniform and 
projected above the surface of the ovary. 
Development continued to about mid-cycle 
9 to 11 days after estrus) when the maxi- 
mum size, in many cases equal to two thirds 
to three fourths of the ovary, was reached. 
At this stage, Kiipfer’’ reported that re- 
gression began immediately. Hammond,’® 
however, found that the maximum size was 
maintained for five to seven days and this 
was followed by a rapid regression to about 
one third to one quarter of the maximum 
size by the time of onset of the next heat. 
The results in this work are in accord with 


Hammond’s findings. Corpora lutea of one 
cycle could be palpated through the second 
and sometimes even into the third succeed- 
ing cycles before they completely disap- 
peared. 

As has been shown, most marked changes 
in the vaginal mucosa occur during the 
height of estrus and the first and second 
days after estrus. At first glance, this seems 
rather contrary to the usual order as in 
other animals. However, if these changes 
are considered in the light of what is hap- 
pening in the ovary, the picture is entirely 
clear. During very early estrus, the follicle 
develops rapidly, with resultant accumula- 
tion of estrogens. These estrogens directly 
influence the vaginal mucosa (as well as 
the cervix and uterus) so that it is stimu- 
lated. This stimulation is first seen in the 
rapid increase in height of the columnar 
cells of the superficial layer of the epithe- 
lium. Concentration of estrogens is prob- 
ably greatest at the time of ovulation, which 
in the cow is thirteen to fourteen hours 
after estrus.'*:?° This increased concentra- 
tion continues to stimulate the vaginal mu- 
cosa, but during this period, it is the strati- 
fied epithelium that is stimulated. With 
rupture of the follicle (ovulation), the 
estrogenic effect is removed rapidly and the 
entire epithelium recedes to the interestrual 
state. With development of the corpus lu- 
teum and the resulting production ‘of pro- 
gesterone, the mucosa is maintained in the 
interestrual state until such time as the in- 
fluence of the corpus luteum is removed and 
a newly developing follicle exerts its in- 
fluence. 

Other domestic animals ovulate during 
estrus and, since the development of the 
follicle is much earlier than in the cow, the 
estrogenic effects on the mucosa of the 
vagina occur during full estrus rather than 
later. 


SUMMARY 


Results from over 400 complete examina- 
tions on 38 dairy cows are presented. 

The pH of the vagina of the cow was 
found to be quite constant, 86.36 per cent 
of the total number of readings (807) were 
between 6.5 and 7.5. The range in pH 
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values was from 6.2 to 8.3; 48.33 per cent 
of the values being below 7.0, and 51.67 
per cent above. Individual cows showed 
little variation from the general trend. 

Four of the 38 animals studied required 
four or more services before conception oc- 
curred. Since the pH range in these 4 ani- 
mals was 6.57 to 8.29 there was no apparent 
correlation between failure to conceive and 
the pH of the vagina. 

The vascularity of the vaginal and cervi- 
cal mucosae, cervical and uterine muscle 
tone, and the vaginal secretions were also 
studied. 

Observations were made on the changes 
occurring in the vaginal mucosa. In the 
region of the external os the vaginal mu- 
cosa of the cow is characterized by a super- 
ficial layer of mucus-secreting columnar 
type cells with a varied thickness of strati- 
fied squamous type cells beneath. The 
epithelium thickens during estrus and be- 
comes thinner during the interestrual pe- 
riod; the low point is reached one to two 
days prior to the onset of estrus. At estrus 
the thickening results from the greatly in- 
creased height of the columnar type cells 
of the superficial layer rather than from an 
increase in the number of layers of the 
squamous epithelium. 


Leucocytic invasion of the subepithelial 
tissue was seldom seen during estrus. Max- 
imum invasion occurred two to five days 
after estrus. 


In the ovaries, Graafian follicles could not 
be palpated with any certainty until about 
twelve hours before the onset of estrus. 
From this time on they developed rapidly 
and at full estrus about half of the follicle 
extended above the surface of the ovary. 
Ovulation occurred within twenty-four to 
thirty-six hours after the onset of heat. 


Corpora lutea developed rapidly and 
could be distinguished as early as three 
days after estrus. Development continued 
until the ninth to eleventh day after estrus 
when maximum size was reached. For the 
next five to seven days the corpora lutea 
remained unchanged, after which time there 
was a rapid degeneration down to approxi- 
mately one third to one quarter of the maxi- 
mum size. Regression was not complete be- 
fore the onset of the next heat; the corpora 


lutea could be palpated through two or three 
succeeding cycles. 
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A Protozoon of the Genus Tetrahymena Found in 


Domestic Fowl 


D. R. KNIGHT, B.S., A.M., and H. C. McDOUGLE, B.S., A.M. 


Columbia, Missouri 


DURING the latter part of July, 1941, eight 
White Plymouth Rock cockerels, 9 weeks of 
age, were brought to this laboratory for 
diagnosis. The owner gave a general flock 
history as follows: Approximately 50 per 
cent of the partially confined 300-bird flock 
was out of condition. The birds had free 
access to a home-mixed mash and water was 
supplied in open troughs. 

Symptoms.—The birds were not abnor- 
mally thin except those having partially or 
totally impaired vision. The eyelids were 
congested and greatly distended over an 
enormous amount of white, firm pus. The 
odor was not particularly disagreeable. The 
infraorbital sinuses also were distended and 
filled with pus similar to that under the 
eyelids. The firm masses of pus in both 
instances were surrounded to some extent 
with serous material. Upon removal of the 
pus, the iris and pupil were found to be dis- 
colored and blurred. A slight serous nasal 
discharge was present. The yellow pigment 
normally found in the White Plymouth Rock 
was absent. Grossly, the birds appeared to 
be suffering from a vitamin A deficiency. 

Autopsy.—No other lesions than those 
suggestive of avitaminosis were found. The 
digestive tract, including the ceca, was par- 
tially filled. 

Microscopic Examination.—Smears exam- 
ined direetly from the digestive tract (crop, 
duodenum, small intestine, and ceca), infra- 
orbital sinuses, and serous material under 
the eyelids contained an enormous number 
of active ciliates which moved in a semi- 
tolling, zigzag course, as the anterior ends 
groped about. 


Fro: the Department of Veterinary Science, Mis- 
sourl Agricultural Experiment Station. Journal 
Series, No, 887. 

D ‘. Knight, research assistant and H. C. Mc- 
Doug! assistant professor of veterinary science, 
niversity of Missouri, Columbia. 


The protozoa usually appeared in pear- 
shaped forms (fig. 4), but occasionally a 
few of them were elongated and shaped 
like a cucumber. The anterior end appeared 
slightly pointed by the cilia, and the pos- 
terior end, except in the elongated forms, 
was blunt and rounded. In many of the 
forms, the anterior end was bent slightly 
oralward and was slightly flattened on the 


Fig. I—A natural case of Tetrahymena infection. 

Note the condition of the right eye. The lids are 

“pasted” together and cover a large amount of solid 
pus and serous material. 


oral surface. Measurements of the living 
organisms were not made, but fixed and 
stained specimens averaged 40 to 50 yw in 
length and 15 to 30 » in width. Under low 
power magnification, the protozoa appeared 
to be covered with fast-beating cilia in con- 
stant motion. The finer structure of the 
cilia and their attachment to the meridians 
could not be seen in the living specimen, 
but even then it was seen that the protozoa 
were holotrichous ciliates. 


DESCRIPTION OF THE ORGANISM 


These ciliates had complicated mouth 
parts. The oral aperture was pear shaped, 
resembling more closely the shape of a fall- 
ing drop of water with its longitudinal axis 
lying directly in the same plane with the 


(113) 


) 
y- 
an 
it 
nd 
m- 
d 
ic 
yne 
ine 
U0. 
der 
38 
er Ae, 
iem 
der 
iss 
9 » € 
eth, 4 4 
uids | 
cptl 
Va 
and 
Fer- 
ado- 
Sta 
of 
us of 
41) 
ction 
1927. 
the 
rence 
a2) 
Do- 
and 
xoats, 
Four- 
ducas 
Part 
n and ee 
ci, 
The 
ravel 
prod., 
me of 
1941): 


114 


KNIGHT AND MCDOUGLE 


Am. J. Ver. Rag 


longitudinal axis of the body. The mouth 
cavity was funnel shaped and almost as 
deep as its anterior-posterior length. The 
cystostome had a very definite ciliary com- 
plex. The four distinct divisions, as de- 
scribed by Furgason,' were observed. This 
ciliate had a distinct undulating membrane 
attached to the right border of the mouth 
opening, down its right margin to the pos- 
terior border, and into the mouth pit which 
is used to direct food into the pharyngeal 


Fig. 2—A front view of the bird in figure | to show 
the swollen infraorbital sinuses. 


funnel. Furgason' describes three distinct 
membranelles in the mouth cavity in addi- 
tion to the undulating membrane. The 
membranelles of the ciliate isolated from 
the infected cockerels in no way differed 
from the membranelles of the Tetrahymena 
geleii described by Furgason.' 

A single contractile vacuole lay near the 
posterior end slightly to the right of the 
median dorsoventral plane. It had two open- 
ings known as contractile vacuole pores 
which were best observed in the silver 
nitrate preparation. The nucleus was a fine- 
ly grained, rather dense, oval bit of proto- 
plasm, lying near the center of the ciliate. 
No micronucleus was observed. 

Conditions beyond the author’s control 
prevented further study of the ciliate iso- 
lated from the infected cockerels. However, 
cultures obtained from a stagnant pool near 
the owner’s poultry yard yielded protozoa, 


resembling in every respect the ciliate ob. 
tained from the infected cockerels. The 
morphology of the ciliate was complete 
from these cultures. 


STAINED PREPARATIONS 

The protozoa were fixed and stained by 
two methods: the nigrosine and the silver 
nitrate method. From the nigrosine prep. 
aration, a distinct outline of the ciliate was 
seen, as in figure 4, showing the cilia, the 
primary meridians, and, in less detail, the 
cytostome. The shape of the ciliate, a 
found in figure 4, resembled closely the ® 
living form. The number of primary merid. 
ians could easily be detected. By counting 
counterclockwise, beginning with meridian 
number 1, as illustrated in figure 3, there 
were 9 visible meridians, and, when the 
primary meridians on the underside of the 
protozoa were counted, there were an ay- 
erage of 18 primary meridians. Meridians 
1 and 18 are the meridians interrupted by 
the cytostome. 

The silver nitrate preparations (Klein's 
dry method) show the number and arrange 
ment of ciliary meridians to correspond 


closely to those shown for T. geleii (Furga- i Fig 
son'), and support the findings revealed by Ic 
the nigrosine preparations. (Compare fii (c 


4 and 5.) 


SOURCE OF INFECTION 


The possible source of infection was 
traced to a small pool about 100 yards from 
the brooder house. This pool was locate 
at the bottom of a ravine and was fed } 
slow underground seepage and _ surfacé 
water. Although the water was only abo 
9 inches deep, the muck underneath wa 
about 11/2 feet deep. The surroundinl 
trees and the high banks made it virtuall 
a stagnant pool. The ciliates were found’ 
large numbers at the upper surface of ti 
muck. 

Since the chickens did not have real 
access to the contaminated pool, it is pro 
able that the protozoa were carried to t! 
poultry yard by other means. Suspici 
was directed to a dog which was known § 
bathe frequently in an open watering troug 
in the poultry yard. Possibly, the cog @ 
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' noo! and soon became ill with an acute diar- 
rhea; however, the dog recovered. 

DISCUSSION 

er A review of the literature shows that 

Tetrahymena* has frequently been reported 

a8 Has parasitizing larvae of invertebrates and 
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Fig. 3—Diagrammatic representation of Tetrahy- 
mena showing the relative positions of the cytostome 
(C), the cilia (Cil.), contractile vacuole pores 
(CYP), macronucleus (N) and the primary cilia 
meridians |, 2, 3, 4, 5, 6, 7, and 18. 


n two instances vertebrate larvae. MacAr- 
hur? reported “Glaucoma pyriformis” in 
e body cavity of mosquito larva (Theo- 
annulata) ; Penard® identified “Glau- 
yma parasiticum” in the body cavity of 
ammarus pulex; Keilint reported Glauco- 
ta-like parasites in the spinal cord, brain, 
d eyeballs of the bream fish larva, Abra- 
is Brama Linn; and Shumway* reported 
ciliate of the genus Glaucoma sp.(?) as 
sitic to the salamander larva, Amby- 
Wenyon® cultured in pond water a 
parasite from Theobaldia annulata. 


enormous numbers of Tetrahymena 
found in the digestive tract and fluids 
cockerels, the question at once arises 


spicio 

wn has clearly demonstrated that many 
auccma and Colpidium are synonymous with 
trougi vecies Tetrahymena geleii gen. et sp. nov. 


TETRAHYMENA IN DOMESTIC FOWL 


as to whether these ciliates were function- 
ing as true parasites or as commensals. 
Tetrahymena is characteristically a free 
living ciliate and its normal food source is 
bacteria. However, it has been successfully 
cultured for many years in a nonparticulate 
bacteria-free organic medium. 

The ration fed to the cockerels was not 
high in vitamin A. About one half of the 
flock was showing yellow pigment in beaks 
and shanks and was not infected with the 
ciliates, while the other half of the flock 
was showing distinct vitamin-A deficiency 
symptoms and some of them were found to 
be infected with the ciliates. This would 
seem to indicate that the Tetrahymena were 
associated with vitamin A depletion. 
Experiments conducted by the authors at 


Fig. 4 (left)—Photomicrograph of Tetrahymena sp. 

(7) showing cytostome, cilia and ciliary meridians. 

x450. (nigrosine preparation.) The dense stain ob- 

scures the curved surface of the body wall and ciliary 
meridians. 


Fig. 5 (right)—Photomicrograph of Tetrahymena sp. 

7?) showing the primary and secondary meridians, 

macronucleus, vacuole pores, and part of the cytos- 
tome. x450. (silver nitrate preparation). 


the Missouri Agricultural Experiment Sta- 
tion have shown that turkey poults, on high 
levels of vitamin A (20,000 I.U./lb. of 
feed), were highly resistant to infection by 
trichomonads of the lower digestive tract 
as compared with poults on lower vitamin-A 
levels (6000 I.U./lb. of feed). Ackert and 
his coworkers’** showed that chickens on 
diets inadequate or deficient in vitamins A, 
B, and D became more susceptible to infec- 
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tion with intestinal parasites (round- 
worms). 


CONCLUSION 


The réle that Tetrahymena may play in 
infection is not well understood. It has the 
capacity to utilize dissolved organic sub- 
stances as food; it is, therefore, reasonable 
to assume that this protozoon could adapt 
itself to conditions in the digestive tract 
and to the complex body fluids of the 
chicken. It is possible that the resistance 
of the cockerels was lowered by an inade- 
quate diet which permitted the Tetrahy- 
mena to establish themselves, and further 
deplete the birds of essential nutrients, 
especially vitamin A. However, more ex- 
perimentation concerning artificial inocula- 
tion of susceptible birds and the nutritional 
requirements of the Tetrahymena must be 
undertaken before it can be definitely stated 
that the Tetrahymena can assume the role 
of a true parasite in higher forms of ani- 
mals. 
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PARATUBERCULOSIS or Johne’s disease of 
cattle, recognized as a_ specific disease 
caused by Mycobacterium paratuberculosis, 
is usually characterized by typical lesions 
limited to the intestinal mucosae and adja- 
cent lymph nodes. Well-advanced clinical 
cases are easily recognized by the presence 
of a persistent diarrhea accompanied by 
progressive emaciation that has no tendency 
to yield permanently to any treatment 
known at the present time. The time inter- 
val between acquiring the causative or- 
ganisms and the onset of visible symptoms 
is usually prolonged. According to Hagan! 
this may be from a few months to two 
years. The excretion of the causative or- 
ganisms which contaminate the feed of 
susceptible animals long before recognizable 
symptoms develop, constitutes a major haz- 
ard in many herds. The development of a 
diagnostic agent which has a high degree 
of specificity in detecting these early cases 
30 that they may be removed is the goal of 
workers on this problem. When achieved, 
it will place the eradication of Johne’s 
disease on the same basis as bovine tuber- 
culosis. It is toward this goal that work is 
directed by the United States Re- 
gional Animal Disease Research Laboratory 
at Auburn, Alabama. The work here re- 
ported was done in codperation with that 
Laboratory. 


SCOPE 


being 


In order to develop a highly specific in- 
tiadermal johnin, it is necessary to test 
variovs lots on many animals and many 
herds and to correlate the reactions with 


tlinics! histories and autopsy findings in 
order o establish the efficiency of the prod- 
uct uscd. This must be done both in herds 
havin: clinical cases of Johne’s disease and 
Fron. the Virginia Agricultural Experiment Sta- 
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in those in which there is no history of the 
disease occurring. It is conceivable that 
the loss in some herds might be almost as 
great if a johnin test, not highly specific, 
were used and reactions occurred in ani- 
mals harboring nonpathogenic, acidfast or- 
ganisms as in herds where the disease has 
occurred and only a few of the affected ani- 
mals were detected by the test. Since fac- 
tual information with regard to the per- 
formance of reactor animals is of primary 
importance to the dairy farmer, data with 
regard to milk production, feed consump- 
tion, breeding and livability of calves are 
included. Likewise, information concerning 
the probability of these reactors spreading 
the causative organisms to other animals, 
even though they may never show clinical 
evidence of the disease, is included. It was 
with the hope that further information 
might be gained from a study of a herd in 
which reactors occur but in which there 
were no clinical cases that this program was 
undertaken. 

With the exception of sheep, it is gen- 
erally conceded that Johne’s disease is al- 
most entirely a disease of cattle and that 
all breeds are susceptible. The difficulty in 
obtaining experimental animals susceptible 
to this infection is an obstacle in any suc- 
cessful study, both from the standpoint of 
expense and facilities for carrying on the 
work. In the hope that a small experimental 
animal suitable for this study might be 
found, cats and hamsters were used. A re- 
port of this work is included. 


EXPERIMENTAL 


The investigation was started in Novem- 
ber, 1940, when a herd composed of 35 
purebred Holstein-Friesian cattle was tested 
with intradermal johnin produced by the 
United States Regional Laboratory. On the 
basis of this test 7 animals gave positive 
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Fig. I—A single large nodule on left foreleg of cow, from which an organism resembling Mycobec 
terium paratuberculosis was isolated. 


Fig. 2—Numerous small nodules on left foreleg of cow in which acidfast organisms were found. 
Fig. 3—A single organized nodule on left shoulder of cow, in which acidfast organisms were found. 
Fig. 4—Photomicrograph of acidfast organism isolated from nodule shown in figure |. x 736. 


Fig. 5—Jersey cow that gave a strong reaction to intradermal johnin, and which on autopsy hod 
typical lesions of Johne's disease. 


Fig. 6—Intestine of cat fed Mycobacterium paratuberculosis in large doses. The thickened wrink!od 
mucosae is suggestive of the disease. 
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reactions and 2 gave suspicious reactions 
too pronounced to be considered negative. 
These 9 animals were isolated from the re- 
mainder of the herd. The 2 herds have 
since been handled as separate units with 
every precaution taken to prevent any di- 
rect or indirect contact between the 2 units. 
The original herd has been tested every 
three to six months and any additional re- 
actors found have been added to the isolated 
group. On the group of reactors, records 
have been kept on feeding, production, 
breeding, calving, livability of calves, etc. 
In addition, intradermal johnin tests have 
been made at approximately sixty- to ninety- 
day intervals. Tables 1 and 2 summarize 
this information. 

From the information contained in these 
tables, it is apparent that milk production 
in these animals for the entire year was 
good and that each cow would be consid- 
ered as a profitable producing animal. It 
might be well to state that the animals were 
fed entirely in the barn and turned into an 
exercising lot each day except on occa- 
sional bad days during the winter months. 
Milking was done twice daily, but intervals 
were not spaced evenly and, therefore, this 
phase of the management was undoubtedly 
not conducive to bringing about maximum 
results. The feed consisted of a fair quality 
of alfalfa hay and some mixed hay, either 
corn silage or grass silage, and for the 
most part a ready mixed dairy-grain ration 
containing from 16 to 20 per cent protein. 
Hay was fed at the rate of 1/2 lb. per 100 
lb. of live weight twice per day; silage at 
the rate of 20 lb. twice daily per animal and 
grain at the rate of 1 lb. for each 31/2 Ib. 
of milk given. Salt and water were avail- 
able at all times. Each animal produced a 
well-developed calf that was raised to over 
l year of age. No difficulty was experienced 
by any animal at the time of parturition 
hor was the retention of placentae a feature 
in any case. These animals were all nega- 
tive *o the intradermal tuberculin test and 
hegative to the agglutination test for bru- 
tellosis. Breeding was done entirely by 
artificial insemination. All animals con- 
tinued in fair condition during the milking 
year and none developed diarrhea or other 


symptoms suggestive of Johne’s disease. 
The reactions to periodic intradermal 
johnin tests varied in degree and at least 
3 animals became negative on 2 successive 
tests. 

In addition to the animals previously 
mentioned, 6 others that reacted to the 
johnin test were removed from the original 
herd and because of other ailments either 
died or were killed. Table 3 gives briefly 
this information. The autopsies of these 
animals revealed lesions in the intestinal 
mucosae of 3 animals that were suggestive 
of Johne’s disease. In material from 2 of 
these, acidfast organisms that morphologi- 
cally resembled M. paratuberculosis were 
found. In no instance, however, was growth 
established in mediums recommended for 
primary isolation of this organism. 

From the information obtained, at least 
two hypothetical explanations for the reac- 
tions are possible. One, that those animals 
that had suggestive lesions in which acid- 
fast organisms were demonstrated had such 
a mild form of the disease that no clinical 
symptoms developed. This could be ex- 
plained on the basis of perhaps a less 
virulent strain of organism or that mature 
animals such as these were very resistant 
to the disease. Another explanation might 
be that these animals, negative to the tu- 
berculin test, were sensitized through skin 
infections with other acidfast organisms 
and that no intestinal infection was pres- 
ent. In support of the latter hypothesis, 2 
had lumps on the forelegs suggestive of 
what Traum? described as “skin lesion tu- 
berculosis.” Some of these nodules, figures 
1 and 2, had keen present for as long as 
eight months without any tendency to rup- 
ture or ulcerate. The biopsy, however, re- 
vealed considerable creamy pus present 
which in time may have been discharged. 
These nodules, therefore, are not unlike 
those associated with ulcerative lymphan- 
gitis. 

Grossly, these nodules were located in 
the deeper layers of the skin. They varied 
in number from a single nodule the size of 
a walnut on one animal to as many as ten 
on another. The smallest were no larger 
than a pea. They seemed to follow the 
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lymphatic vessels in location, and were 
noted at various levels from the region of 
the metacarpophalangeal joint to the shoul- 
der region. Stained sections of the nodules 
revealed a central area composed of cellular 
débris and liquefaction necrosis in those 
containing cream-like pus. In one, this cen- 
tral area was organized. Extending toward 
the periphery there was a zone of reaction 
composed chiefly of lymphocytes, which was 
only a few microns in width. This zone of 
reaction blended into a zone of connective 
tissue network which included several 
epithelioid cells that were filled with acid- 
fast organisms (fig. 7). Bordering on this 
area was a fairly distinct fibrous capsule 
that extended into and adhered to the skin. 

Stained smears of the pus from these 
nodules, after treating with antiformin and 
centrifuging, contained acidfast organisms 
that resembled M. paratuberculosis. No 
growth from this material occurred at room 
temperature, but in one instance growth 
occurred at 37 C. after an incubation period 
of eight weeks. This was on the solid me- 
dium used for growing the Johne’s bacillus 
and contained Mycobacterium phlei as a 
source of the “essential substance’ neces- 
sary for primary isolation of that organ- 
ism. Since growth did not take place at 
room temperature and a prolonged incuba- 
tion period was necessary before initial 


growth at 37 C., it may be assumed that 
the acidfast organisms in these nodules 
were not the usual saprophytic type classi. 
fied as Mycobacterium lacticola. The one 
isolated and grown (fig. 4) has not been 
identified with certainty, but its slow initia) 
growth and its morphological appearance 
suggest that it might be M. paratuberey. 
losis. The degree of reaction to intrader. 
mal, johnin tests at approximately three. 
month intervals seemed to be parallel with 
the increase in number and size of the 
nodules up to the time of biopsy. The test 
on one of these animals at about one month 
following removal of the nodule was read 
as a T4x reaction and the one sixty days 
later or three months following removal 
was read as only a Tx reaction. 

The correlation was less striking in the 
other Holstein-Friesian cow with nodules 
in this group, but in general there seemed 
to be some relationship. 

A similar nodule occurred on the skin of 
a Jersey cow (fig. 3) which was the only 
one to give a reaction to the intradermal 
test in a herd of 20 animals. This animal 
has reacted on three different tests at about 
six-month intervals. There has been no 
clinical case of Johne’s disease in the herd 
during the seven years it has taken to build 
up the herd. This herd is also negative to 
the intradermal tuberculin test and nega 


TABLE 3—Data on Reactors to Johnin Tests That Either Died or Were Killed 


ANIMAL DATE OF TESTS, REACTIONS, AND 
NAME AND LOT NO, OF JOHNIN USED 
NU MBER 


LAST 
CALF BREEDING DISPOSI- 


RECORD DATE TION REMARKS 


Va. Kann 11/25-40 
Actress 
1900308 


3 mos. Killed Acidfast bacteria 
fetus 1/16-41 found. 


Homestead 

Burke 

Tempest 
1533991 


Killed Acute mastitis. 
3/11-41 No acidfast bacteria 
found. 


Burke Vee- 
man Daisy 
1751725 


aborted Killed Chronic mastitis 
1/18-41 3/11-41 No acidfast bacte 
found. 


B. B. Double 
Anna 
1900305 


5 mos. Killed Acidfast bacte 
fetus 9/9-41 found. 
Traumatic pericarditis 


Burke Belle 6/28-41 
1356693 y x 


female 11/14-41 Killed Large lymphoid tumors 
2/28-41 11/24-41 No acidfast bacteria 


found. 


Va. Grace 11/25-40 10/31-41 8/3-42 
Darling (—) ( (—) ( 


41 
2165082 


61 day 4/30-43 Died Traumatic pericarditis 
fetus 7/1-43 No acidfast bacteria 
found. 


Reactina 


TABLE I—Milk Production Records of Johnin 
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tive to the agglutination test for brucel- 
losis. 

In 4 herds where there was clinical in- 
dence of Johne’s disease, several reactors 
to the same lots of johnin as used on the 
herds described were found. Only 2 of 
these were made available for autopsy, but 
portions of intestines and adjacent lymph 
nodes from 4 others were received for ex- 
amination, and all of these had clear and 
extensive gross lesions of Johne’s disease. 
Acidfast organisms in smears from intes- 
tinal mucosae and adjacent lymph nodes 
could be demonstrated without difficulty. 


Fig. 7—A section of skin nodule showing epithelioid 
cells (see darts) filled with acidfast organisms. x 368. 


Figure 5 illustrates an affected animal 
that gave a positive reaction to the intra- 


dermal johnin test. This animal was ex- 
tremely emaciated, had a persistent diar- 
rhea for several months, and at autopsy had 
extensive lesions in the intestine, smears 
from which contained innumerable acidfast 
organisms. 

These findings indicate that even though 
the johnin test is highly specific, certain 
animals that react may be _ sensitized 
through skin infections with acidfast or- 
ganisms that apparently are not immediate- 
ly harmful to the general usefulness of the 
animal. However, if these skin lesions are 
due to Johne’s bacilli, as they appeared to 
be in the one case where growth occurred 
on laboratory mediums, such animals would, 
likewise, be potential spreaders of the or- 
ganisms, especially when these nodules rup- 
ture and the pus is released. This offers 
the only tenable explanation at the present 


time for a reaction to the johnin test in, 
calf from one of the cows in the isolateg 
group. This calf, born Oct. 29, 1942, wa; 
kept in a box stall with every precaution 
taken to prevent infection until June 3 
1943, during which time it was tested and 
found negative on 3 different tests. Two 
negative fecal examinations for parasite 
eggs during this period may be regarded 
as a fair index of the preventive measures 
practiced. On that date, this calf was placed 
in a stall beside the reacting cows and also 
was turned out daily in the exercising lot 
with them. Three months later or on Sept. 
9, 1943, when tested with johnin, this calf 
gave a positive reaction. The question of 
dissemination of Johne’s organisms by re- 
actors to the test is important. Most work- 
ers on this problem are of the opinion that 
this occurs exclusively by excreta from the 
intestinal tract. Alexejeff-Goloff,? however, 
reported intrauterine transmission, and the 
findings of organisms in the blood, milk, 
and urine of affected animals. Raw milk 
from the isolated reactor cows was fed 
twice daily for a period of three months to 
2 pigs, 6 lambs and 3 calves. All of these 
with the exception of 1 lamb failed to 
elicit a reaction to johnin following this 
period of feeding. This lamb gave a T3x 
reaction to the test, but on autopsy no 
lesions suggestive of the disease nor acid- 
fast organisms were found. 

From the information obtained in this 
work, it appears that the intradermal 
johnin used for testing these animals i 
highly effective in detecting clinical cases. 
Positive reactions to this johnin also o- 
curred in animals that had never show 
clinical symptoms of the disease, but had 
slight intestinal lesions suggestive of the 
disease at autopsies in which acidfast or- 
ganisms were demonstrated. As these ali- 
mals may be potential spreaders of the 
infection, elimination of the disease from 
herd would depend upon their early dete 
tion. Positive reactions to this johnin als 
occurred in animals that never had show! 
clinical evidence of the disease, but had skin 
nodules in which acidfast organisms wert 
demonstrated. When these are due 
Johne’s organisms, such animals could als 
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be detected by the test and removed early. 
If positive reactions to the johnin test re- 
sult from infection with acidfast organisms 
other than M. paratuberculosis, this nat- 
yrally would impair the value of the test. 


With the hope that some small experi- 
mental animal might be found for studying 
Johne’s disease, cats and Syrian hamsters 
have been used. Adler* reported success 
in establishing leprosy infection in splenec- 
tomized hamsters by injection of the 
organisms. On the basis of this work, 6 
hamsters were splenectomized and later fed 
Johne’s organisms. In 3 instances, the cul- 
tures were given by the aid of a stomach 
tube. After an intervening period of four 
months 2 hamsters gave a slight reaction 
to the intradermal test, but on autopsy 
two months later no lesions could be de- 
tected nor were any acidfast organisms 
found in scrapings or sections of the intes- 
tines of any animal. 


Fourteen cats have been fed either pure 
cultures of M. paratuberculosis, or material 
from the intestines of affected cows con- 
taining the organisms. A positive reaction 
to the intradermal test occurred in 2 of the 
cats receiving pure cultures, and in 4 cats 
that had received scrapings from intestinal 
mucosae of an affected cow. Two of these 
developed a transient diarrhea lasting sev- 
eral days soon after the injection of johnin. 
The autopsy of these cats two weeks later 
revealed slight thickening of the intestines 
with irregular folds in the mucosae extend- 
ing from the rectum to the duodenum (fig. 
6). The gross lesions in these 2 cats were 
uggestive of Johne’s disease and a 
few acidfast organisms were present in 
both intestinal scrapings and in sections. 
The microscopic picture was less convinc- 
ing. In the thickened areas, a few epitheli- 
oid cells containing acidfast organisms 
could be seen, but no giant cells were ob- 
ervec. Just what might have developed 
se 2 cats if they had been left for 
‘ observations is difficult to predict. 
ver, 4 cats that were fed massive 
f infective material failed to de- 
“ny symptoms, but continued to give 
eactions to the johnin test. All cats 


used were tested with johnin and found 
negative before exposed to the infective 
materials. 


SUMMARY 


The data presented include records of 
feeding, breeding, viability of calves, milk 
production, and autopsy findings, as well 
as periodically repeated johnin tests on a 
small group of purebred Holstein-Friesian 
cattle removed, because they reacted to 
johnin, from a herd in which there had been 
no clinical case of Johne’s disease. The 
average milk production for one year from 
the time of freshening was 7,863.4 pounds 
of milk, which on the basis of the feed 
consumed would be classified as desirable 
production. Each animal produced a vig- 
orous calf that was raised to approximately 
1 year of age. None developed symptoms 
suggestive of Johne’s disease. Six animals 
either died or were killed. Three of these 
animals had intestinal lesions suggestive 
of Johne’s disease, and acid fast organisms 
were found in these lesions in 2 of them. 
Two others in this group and 1 in another 
herd under observation developed skin 
nodules that contained acidfast organisms 
suggestive of Mycobacterium paratubercu- 
losis. Repeated johnin tests on these ani- 
mals seemed to elicit a degree of reaction 
closely parallel to the increase in size and 
number of nodules present. Intradermal 
johnin from the same lot produced typical 
reactions in 4 other herds having clinical 
cases. 

The findings recorded indicate that two 
or three types of infection may be respon- 
sible for the reactions to the test: (1) 
where active infection of the organism oc- 
curs in the intestines of susceptible animals 
sufficiently severe to bring about charac- 
teristic symptoms and lesions; (2) where 
a less virulent organism is present in ma- 
ture and comparatively more resistant ani- 
mals that may bring about slight intestinal 
lesions but not of sufficient severity to pro- 
duce clinical evidence of the disease; and 
(3) where skin infections occur of sufficient 
degree to sensitize the animal to the test, 
but when removed the sensitivity is lost. 

From a reaction elicited in a calf in con- 
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The Pathology of Experimental Avian Pneumoencephalitis 


ERWIN JUNGHERR, D.M.V., and EDWIN L. MINARD, Ph.D. 


Storrs, Connecticut 


AVIAN encephalomyelitis (A.E.) and _ so- 
called pullet disease’ constitute two of the 
most baffling poultry disease problems in 
New England. The discovery by Beach in 
California of a respiratory-nervous disorder 
which was termed by him avian pneumo- 
encephalitis (P.E.),* the demonstration of 
a filterable virus as the causative agent of 
the disease in chicks,* and the reporting of 
a pullet disease-like condition in adult birds 
by Stover,® presented important problems 
in differential diagnosis. The present paper 
deals with observations on the hitherto un- 
described histopathology of induced P.E. 
in chicks, and comparison with that of A.E. 
Although the question of the relationship 
of P.E. to pullet disease observed in the 
northeastern territory cannot be answered 
at present, serological methods for its in- 
vestigation have been developed and are 
presented in an accompanying communica- 
tion 


MATERIALS AND METHODS 


The two strains of P.E. virus used in this 
investigation were glycerinized lung-air sac 
suspensions obtained from Dr. D. E. Stover, 
Petaluma, Calif.; 1197-41 was stated to be a 
passage strain derived from 10-day-old chicks, 
and 1150-82 from 7-month-old pullets. Both 
strains caused similar symptoms and lesions in 
inoculated chicks, thus supporting the conten- 
tion that the respiratory-nervous syndrome in 
chicks and that in adult birds are identical. In 
addition, sets of fixed tissues from an arti- 
ficially infected adult male and female bird 
were received. 

The glycerinized P.E. strains were injected 
intra:nuseularly into 4 or 5 1-year-old, 4-week- 
old, 3 week-old, and 1-day-old chickens; typical 
pneu! oencephalitis was produced readily in all 
but ‘he adult birds, and passaged through 
other chicks. A 10 per cent suspension of air 
sac-li ig tissue from first passage of chicks in 


10 pe. cent chicken infusion broth-saline was 
‘nocu ted onto the chorioallantois of 9-day-old 
Bi Department of Animal Diseases, Storrs 
“sricl (ural Experiment Station, Storrs. 


developing chick embryos by Burnet’s’ tech- 
nique modified by the use of Scotch tape for 
sealing. Since no gross lesions developed, in- 
fection was considered established by (a) ab- 
sence of cultivable organisms; (b) death of the 
embryo within forty-eight hours; and (c) abil- 
ity to pass the strain through embryos. 

Tissues for histologic sections were collected 
in most instances from sacrificed birds showing 
advanced clinical symptoms, and from chick 
embryos which either had died recently or 
showed markedly decreased motility at the 
end of the forty-eight hour postinoculation 
period. Tissues were fixed in Zenker’s solution, 
usually with acid, and stained with hematoxy- 
lin-eosin and eosin methylene-blue (Goodpas- 
ture’s'). In addition, nervous tissues were also 
stained in a representative number of cases 
according to Nissl*, Wilder’, ,;Weil”, Dunning 
and Furth". In connection with the last-men- 
tioned stain, a convenient modification was de- 
veloped by A. F. Schulze of this laboratory in 
which the frozen sections were stored in the 
fixative agent until the time staining, when 
they were mordanted in Cajal’g formol-bromide 
solution at 55 C. for ten minytes, before being 
placed in ammoniacal water. . 

Aside from the 2 sets of tigsues from adult 
birds received from Dr. Stoygr, tissues from 
31 P.E. experimental chicks nd 12 embryos 
were examined in this study; also a series 
of tissues from 40 chicks affécted with A.E., 
for comparison. 


Pathology.—The symptoms and gross le- 
sions observed in the present study tallied 
in the main with those previously reported 
for P.E. by Beach*® and Stover.* A brief 
account may, however, be of interest in 
order to show the behavior of the virus in 
a presumably foreign environment. \ 

Experimentally inoculated chicks showed 
symptoms after four to eighteen days, or 
an average incubation period; of 6,09 days. 
Clinical evidence of respiratory tract in- 
volvement was ordinarily miJd and often 
absent, even in cases which showed patho- 
logic changes in the air sacs, Neurologic 
symptoms tended to appear gyddenly and 
usually presaged lethal exit within twenty- 
four hours. They often compjenced with 
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slight ataxia of the legs and coarse tremor 
or intermittent retraction of the head, but 
varied in character and intensity. Some 
birds exhibited rhythmic bending of the 
head and of the tarsal joints at the rate of 
60 to 100 per minute, similar to “full knee 
bend” exercises; aside from this, birds so 
affected were fairly lively and able to get 
around. Advanced cases showed spasmodic 
jerking of the legs or the whole body, usual- 
ly synchronous with respiration. 

Gross pathologic changes were limited to 
grayish or occasionally yellowish discolora- 
tion of the pulmonary air sacs in 80 per 
cent of the cases; the spleen usually ap- 
peared small and pale, which was in har- 
mony with Beach’s observation. 


Histopathology.—The original designa- 
tion of P.E. as a respiratory-nervous dis- 
ease directed attention to the two principal 
anatomic systems involved. The following 
tissue changes were observed in the present 
investigation. Microscopic sections of the 
trachea occasionally showed mild irregular 
edematous swelling, with localized deep des- 
quamation of the mucosa (fig. 1) and con- 
gestion of the subepithelial vessels; certain 
cases exhibited sparse heterophile infiltra- 
tion of the submucosa and owl-eye-like 
changes of the epithelial nuclei, considered 
to be prodromal to pyknosis. The number 
and secretory activity of the goblet cells 
appeared to be increased. The lesions were 
much less impressive than those ordinarily 
seen in infectious bronchitis or laryngo- 
tracheitis. In none of the available sections 
was there evidence of pulmonary consolida- 
tion; the larger bronchi, however, at times 
revealed marked increase and dilatation of 
the mucosal goblet cells, indicating catar- 
thal bronchitis (fig. 2). Definite inflam- 
matory changes were noted in the air sacs, 
especially the pulmonary, which, aside from 
edematous thickening, showed loose hetero- 


phile and monocytic infiltration (fig. 3), 
and at times more compact perivascular ac- 
cumulation of inflammatory cells. It will be 
noted that pneumotropism was relatively 
slightly developed and that it found its prin- 
cipal expression in a sacculitis. 


No constant lesions were observed in 
other visceral organs examined, namely, the 
heart, liver, pancreas, gizzard, intestine, 
and bursa of Fabricius. Liver sections of 
the adult birds received from Dr. Stover 
showed few perivascular reactive foci of a 
nonspecific character; the female bird also 
presented few scattered groups of necrobio- 
tic liver cord cells. Occasionally, the liver 
of experimental chicks revealed localized 
groups of vacuolated liver cells, without evi- 
dence of necrosis. 


The spleen was outstanding among the 
visceral organs as exhibiting significant 
lesions in over one-half of the experimental 
chicks. While the pulp tissue appeared col- 
lapsed and relatively bloodless, the adenoid 
sheaths seemed to be the main object of 
attack by the pathologic process. Initial 
changes often difficult of interpretation 
were indicated by hypertrophy of the ade- 
noid sheath cells and of the regional reticu- 
locytes, sometimes associated with erythro- 
phagia. Definite alterations consisted of 
marked hemorrhages and hyaline necrotic 
foci within the adenoid structures (fig. 4). 
The coédccurrence of these lesions in one 
section suggested their representing con- 
secutive stages of the same pathogenetic 
process. 

There was a lack of hyperplastic lymphoid 
nodules in the spleen, as well as in the other 
visceral organs, either of the circumscribed 
or noncircumscribed type, a feature which 
constitutes a conspicuous part of the micro- 
scopic pathology in A.E. 

Hemorrhagic-necrotic foci in splenic cor- 
puscles, the latter constituting the physio- 


part end deep desquamation in center. E.M.B. x60. 
Fig. 2—Lung showing large bronchus with lumen 


thirds marked increase of mucus (black) in goblet 
cells. E.M.B. «150. 


towarc left; upper third of mucosa normal, lower two- - 


LEGENDS FOR ILLUSTRATIONS ON OPPOSITE PAGE 


S Fig. |—Trachea showing swelling of mucosa in upper 


Fig. 3—Pulmonary air sac showing marked mononu- 
clear and heterophile infiltration. H.E. «350. 


Fig. 4—Spleen showing two large hyaline necrotic foci 
(black) in adenoid sheaths. E.M.B. 140. 
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logic counter part of the avian adenoid 
sheatlis, have been observed frequently in 
hog cholera and in canine distemper and 
were suggestive, therefore, of virus infec- 
tions. Splenic lesions were of further in- 
terest aS an expression of viscerotropism 
of the P.E. virus. 

In the peripheral nervous system, no 
definite changes have been recognized. 

The central nervous (C.N.S.) system ex- 
hibited the most interesting and character- 
istic lesions. These consisted of capillary 
hemorrhages, myelin degeneration, local- 
ized meningitis, “endotheliosis,” neuronal 
changes, and glia foci, in an ascending order 
of importance. Their distribution centered 
primarily around the phylogenetically older 
parts of the C.N.S., especially the spinal 
cord, medulla, cerebellum, and thalamus, in 
contrast with that of A.E., which often 
showed involvement of the optic lobes and 
the cerebral hemispheres. 

Degenerative lesions represented by capil- 
lary hemorrhages and foci of myelin de- 
generation (fig. 6) were rare in the present 
material. 

Isolated areas of the leptomeningi, espe- 
cially of the lumbar cord and the cerebel- 
lum, showed localized foci of inflammation 
characterized by thickening and lympho- 
cytic infiltration (fig. 5). Corresponding 
changes have not been observed in the avail- 
able A.E. material. 


“Endotheliosis” as an expression of vas- 
cular damage was an important feature of 
the neuropathology in P.E. Particularly 
the vessels of the white matter showed 
hyperplasia of the endothelial lining, which 
in some instances was so marked as to pro- 
duce a “glomus’’-like infolding (fig. 7 and 
ll). High power magnification was neces- 
sary to distinguish these changes from in- 
filtrative and perivascular changes of the 
blood vessels. Implication of the capillary 


system in the pathologic process was much 
more extensive in P.E. than in A.E. 

Neuronal changes were characterized by 
disintegration of the cytoplasm, which 
seemingly underwent progressive altera- 
tions from severe vacuolation (fig. 9 and 
16) to irregular coarse fibrillation (fig. 17). 
The nuclear membrane, although becoming 
somewhat distended and distorted, remained 
intact. The lesion was observable with or- 
dinary hematoxylin-eosin stains, as well as 
with special neurologic stains, and was con- 
sidered to represent a form of “peripheral 
neuritis.”"* It was in marked contrast to 
the “axonal reaction” or “central neuritis"? 
(fig. 10 and 18) found in A.E. as first 
pointed out by Olitzky.** The characteristic 
neuronal changes of P.E. were usually found 
in the large motor neurons of the cord, but 
were not uncommon in the medulla and the 
cerebellar nuclei. They should constitute a 
useful diagnostic feature in differentiating 
P.E. from A.E. 

Glia foci (fig. 7 and 9) scattered among 
the large neurons of the gray matter ap- 
peared to constitute the most distinctive 
feature of P.E. In some instances, their 
position in relation to the neurons sug- 
gested replacement gliosis. Small, loose, 
presumably incipient foci could readily be 
shown in Dunning and Furth preparations 
to consist primarily of macroglia, while 
oligodendroglia and microglia were less in 
evidence. The processes of the protoplasmic 
astrocytes were markedly hypertrophic and 
distorted into hand-shaped or claw-like fig- 
ures (fig. 14), while the vascular feet of 
the fibrous astrocytes (fig. 13) were rela- 
tively intact. In large compact foci, the 
majority of macroglia cells seemed to have 
suffered a loss of their processes. The glia 
foci were demonstrable with ordinary stains 
and were recognizable in Nissl prepara- 
tions, due to their pale blue coloration. 
Perivascular infiltrates were relatively rare 
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Fig. 5—Lumbar cord showing two localized foci of 


leptomeningitis. E.M.B. x75. 


Fig. 6—Brain of adult female, showing demyelinized 
region. 


us (light center area) in 


Weil. x75. 


supraoptic 


Fig. 7—Thoracic cord showing numerous glia foci 
among neurons of gray matter and endothelial hyper- 
plasia in white matter. E.M.B. x80. 
Fig. 8—Cervical cord of A.E. infected chick showing 
3 large perivascular infiltrates. H.E. x80. 
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were not seen without associated glial membrane, the yolk sac and four to six 
frontal sections of inoculated embryos were 
examined. Occasionally, longitudinal sec- 
tions of the spinal cord came under study. 
In most instances, the liver presented se- 
vere congestion of vessels and sinusoids; 
otherwise, no constant alterations were ob- 
served. Particular attention was paid to the 
chorioallantoic membrane; although some 


and 
foci. 

Although microscopic collections of neu- 
roglia cells were originally considered by 
Jones'* to represent the distinctive lesions 
of A.E., later studies'*:'® have shown peri- 
vascular granuloma-like infiltrations (fig. 
8) to be of outstanding importance in this 
disease. This concept was again supported 


TABLE !—Principal Comparative Pathology of Avian Pneumoencephalitis and Encephalomyelitis 


PNEU MOENCEPHALITIS ENCEPHALOMYELITIS 


Spontaneous 
Susceptibility 
age To maturity.® 

species Chicken, turkey.* 


Av, Incubation Period 


To 5 weeks. 
Chicken. 


6.09 days. | 


16 days.” 


Fine tremor of neck and body; 
bilateral progressive ataxia of 
legs. 


Gasping; rhythmic bending 
of head and legs, jerky move- 
ment; rapid prostration. 


Symptoms 


Gross Pathology Cloudiness of pulmonary 


air sacs, 


Yellowish discoloration of 
subcutis in white breeds. 


Histopathology 


trachea Catarrhal tracheitis. — 

lung Catarrhal bronchitis, 

pulmonary air sac Inflammatory cell infiltrates. — 

spleen Hemorrhages and/or hyaline Hyperplastix lymphoid  nod- 
necrosis of adenoid sheaths. ules, mostly circumscribed, 

other viscera — Hyverplastic lymphoid 


nodules. 


Peripheral Nervous System 


Occasional degen- 


eration. 


myelin 


Central Nervous System 
neurons Vacuolar 

degeneration 

neuritis). 


meningeal involvement 


glia foci ++ +4 

perivascular granulo- + 
matous foci 

endotheliosis + + + 

myelin degeneration + 

hemorrhages T 


and/or fibrillar 
(peripheral 


Localized meningitis. — 


Margination of nuclei, 
chromatolysis— (central 
neuritis or axonal reaction). 


of. 


4. 


Statistical Incidence of 
Proliferative Cord Lesions 


cases studied 25 

glia foci only 16 (64%) 

granulomatous foci only 0 (0%) 

glia and granulo- 3 (12%) 
matous foci 

6 (24%) 


by the present data on the incidence of 
glial and perivascular cord lesions (table 1). 
A compilation of the main differential 
diagnostic features between P.E. and A.E. 
is presented in table 1. 

Embryo Pathology.—The chorioallantoic 


410 

9 (22.5%) 
10 (25%) 
10 (25%) 


areas of edematous thickening and meso- 
dermal hemorrhages were seen, uninocu- 
lated controls occasionally showed similar 
lesions, so that we were unable to convince 
ourselves of the occurrence of specific virus- 
induced lesions. In a single instance, the 


Fig. 9 Lumbar cord showing vacuolar degeneration of 
‘uron n upper half and glia focus in lower half. 
Nissl. x350. 
Fg. 10--Lumbar cord of A.E. infected chick, showing 
axonal reaction. E.M.B. 350. 
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Fig. Iti—Lumbar cord showing marked endothelial 
hyperplasia of two capillaries in white matter. 
H.E. x350. 

Fig. 12—Thoracic cord of chick embryo, showing glia 
foci in gray matter and "“endotheliosis.” H.E. x80. 
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spinal cord exhibited glia foci and “endo- 
theliosis” (fig. 12) similar to postembry- 
onic material. This was of considerable in- 
terest, since even a highly neurotropic virus 
like that of equine encephalomyelitis did not 
produce lesions in the C.N.S. of the inocu- 
lated chick embryo, in the experiments of 
Bang.’ 
SUMMARY 

To establish a microscopic basis for the 
differential diagnosis between avian pneu- 
moencephalitis (P.E.) and avian encephalo- 
myelitis (A.E.), the histopathology of 31 
P.E. inoculated chicks and 12 embryos was 
studied and compared with a series of 40 
A.E. infected chicks. The P.E. virus was 
obtained from California, one strain de- 
rived from chicks, another from a pullet 
disease-like condition in adult birds. Both 
strains caused typical P.E., but thus far the 
pullet-disease syndrome observed in the 
northeastern states has not been in evi- 
dence. 

The histopathology of P.E. was charac- 
terized by catarrhal tracheitis and bronchi- 
tis, infiltrative sacculitis of the pulmonary 
air sacs, and hemorrhages and/or hyaline 
necrosis in the adenoid sheaths of the 
spleen. Occasionally, the central nervous 
system showed small areas of capillary hem- 
orrhages, myelin degeneration, and localized 
foci of meningitis; and in the majority of 
the cases, marked endothelial hyperplasia, 
severe vacuolar to coarse fibrillar degenera- 
tion of the large neurons (a form of 
peripheral neuritis) and numerous scat- 
tered glia foci composed primarily of pro- 
toplasmic astrocytes with hypertrophic proc- 
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esses. The glia foci were at times associated 
with perivascular infiltrates. The central 
nervous system lesions occurred particu- 
larly in the cord, the brain stem and adja- 
cent structures. In one instance, specific 
lesions were observed in the spinal cord of 
an inoculated chick embryo. 

As compared with A.E., P.E. failed to 
show the hyperplasia of the lymph follicles 
in the visceral organs, the axonal reaction 
or central neuritis of the large neurons, 
and the predominance of perivascular gran- 
ulomatous foci in the central nervous sys- 
tem. 


It is concluded that avian pneumoen- 
cephalitis is of a pantropic character, that 
it causes a typical encephalomyelitic proc- 
cess, and that it constitutes a pathologic as 
well as an etiologic entity. 
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Fig 
focus contains a hypertrophied astrocyte, but its 
is normal. Dunning 


Fig 


13—Thoracic cord, showing a large glia focus in center and a small one on the right. The center 


long vascular sucker leading to capillary above 


and Furth. x200. 


\4—Thoracic cord, showing young glia focus of hypertrophied astrocytes with bizarre processes. 


Note hand-shape in right center of field. The 'Y' form in left lower quadrant is a capillary. Dunning 
and Furth. x450. 


'5—Brain, showing normal large neuron. Nissl. 


x1200. 


16—Lumbar cord, showing large neuron in state of vacuolar degeneration (peripheral neuritis). 
Nissl. x1200. 


'7—Cervical cord, showing large neuron in state of beginning fibrillar degeneration (peripheral 
neuritis). Nissl. x1200. 


'8—Lumbar cord of chick infected with A.E., showing large neuron in state of axonal reaction 
(central neuritis). E.M.B. x1200. 
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DesPITE the availability of material for 
study, surprisingly little has been done to 
establish normal tables of size and growth 
for the prenatal development in the cow. 
it is important to ascertain more fully the 
sequence of changes occurring during the 
prenatal period. From a biologic viewpoint, 
the establishment of normal tables of 
growth and size for the fetal calf are no 
less important than for the chick, rat, 
guinea pig, and others. 

A search of the literature reveals but 
santy and controversial data. The data 
given by earlier investigators show consid- 
erable variation in weight for bovine fetuses 
of relatively the same age. Buchem (1909), 
for example, gives the fetal weight of the 
calf at four months gestation as 599 Gm., 
while Bergmann,' with 3 specimens of the 
same age, gave fetal weights of 470, 650, 
and 1,270 Gm., respectively. More recently, 
Hammond,? in data obtained by compara- 
tive weights of the pregnant uterus and its 
contents, points clearly to the inconsisten- 
ties on the part of earlier investigators to 
establish anything “normal” regarding fetal 
growth for the bovine species. That con- 
variation in fetal weight is 
expected is not surprising, but need for 
wrrelation between the weight and crown- 
rump (C-R) length is apparent. 

At the onset of the present investigation, 
it beeame increasingly apparent that the 


siderable 


lack of fetal material of known age greatly 
limited any correlation between the C-R 
length and weight, since it is essential that 
the age of the fetus be known for establish- 
ing reference points during different gesta- 
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tion periods. It became necessary to rely 
upon previous data. This, however, was 
impractical, since, as stated above, much 
information is lacking regarding age-weight 
determinations on bovine fetuses. However, 
after completion of the present study, the 
excellent monograph by Winters, Green, 
and Comstock* was brought to the attention 
of the author, and this data adequately pro- 
vided the essential factors of age, weight, 
and C-R length, so necessary to correlate 
the age of fetuses of the author’s series 
where only the weight and C-R length were 
available. 


MATERIAL AND METHODS 


The present investigation deals solely with 
the prenatal growth of fetuses of the Here- 
ford. This particular breed was chosen be- 
cause of the abundant supply of fetuses made 
available by a local packinghouse. Since the 
fetuses were obtained from random herds, no 
previous breeding or stock history was avail- 
able. 

Almost without exception, all fetuses were 
weighed and measured in the fresh state upon 
removal from the uterus. In the case of small 
embryos, collection was made at the time of 
slaughter, and whenever possible, the embryos 
were kept intact within the fetal membranes 
and transported in containers to the labora- 
tory for immediate weighing and measuring. 
Larger fetuses having a C-R length greater 
than 100 mm. were weighed and measured at 
the slaughterhouse, and the C-R measurements 
determined by means of a metric scale measur- 
ing board not unlike that utilized by Schultz* 
for human fetuses. 

At the beginning of the present work, all 
measurements were made with small, hand 
calipers. Though the use of calipers was found 
convenient for small embryos, they proved far 
too inaccurate for larger fetuses. It became 
apparent that some other method for making 
body measurements should be devised. Resort 
was made to the following apparatus (fig. 1 
and 2): 

In principle, the measuring apparatus con- 
sisted of a flat, metal table with two fixed 
planes (M; and Mz). Two movable planes (P, 


>. 


136 


and P.) were introduced for the purpose of 
actual measurement, making possible direct 
readings on metric scales (S, Sn) of cephalo- 
caudal measurements and dorso-ventral dimen- 
sions. Cephalo-caudal measurements (particu- 
larly C-R length) were made by orienting the 
fetus so that the head just touched the fixed 
vertical plane (M:), which, upon moving the 
horizontal movable plane (P;) forward to just 
touch the caudal end of the body, gave a direct 
reading of the C-R measurement on the hori- 
zontal metric scale (S). Likewise, any dorso- 
ventral measurements could be made by orient- 
ing the fetus in such a way that its dorsal 
portion just touched the fixed horizontal plane 
(M.), and movement of the vertical plane (Pz) 
to just touch the ventral portion of the fetus, 
gave direct dorso-ventral measurements on the 
movable metric scale (S,). This latter metric 
scale had a zero point at any position along the 
horizontal fixed plane, being movable through- 
out the entire length of the measuring table. 


These simple measuring operations elimi- 


CLARENCE W. NICHOLS, JR. 


nated undue handling of the fetal materia), 
thus minimizing maceration and mechanica] 
damage of the fetuses during measurement, 
Repeated determinations of body dimensions 
proved the apparatus to be quite accurate. 
Though the apparatus should be rightfully 
termed a “working model”, with further re. 
finement, it should prove a most useful too! 
for embryology. 


EXPERIMENTAL DATA 


A total of 101 embryos and fetuses com. 
prised the material for the present study. 
The C-R length of this group ranged from 
22 to 680 mm. Both sexes were represent- 
ed, but no attempt to correlate between the 
sexes was deemed necessary in the final 
analysis. 

A complete list of the fetuses, including 
sex, C-R length, weight, and certain body 


Fig. |—Apparatus for measuring the major external dimensions of the fetal body. 
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ensions is given in table 1. Since the Since a relative age of certain representa- 


r’s series comprised fetal material of tive fetuses was established, it was possible 
wn age, no exact age determination to compare the fetal weights of representa- 
possible. However, by utilizing the tive specimens from 2 to 7 months of age 


ht, C-R length, and age relationship with findings of earlier investigators. These 
plished by Winters et al.,3 it became data are tabulated in table 3. 


ible to correlate the relative age of rep- The selection of major body dimensions 
tative specimens of the series. These (see table 1), other than the C-R length, 
trative data are given in table 2. were adopted after the studies of Scammon® 
|—Complete Physical Measurements of Calf Fetuses Arranged According to Increasing Crown-Rump 
Length 
C-R-L Wr S-N 
EN Ss MM GM. TOP O-F-D H-D D-V-D 
72 F 22.0 1,425 11.8 9.7 9.7 12.5 
0 M 27.5 2.150 11.5 9.2 10.0 12.5 
24 M 28.0 2.220 12.1 10.2 8.9 13.0 
67 M 29.6 2.350 10.0 9.3 8.5 12.0 
15 M 30.0 2.300 11.0 10.0 9.0 11.5 
2 M 31.0 3.250 11.0 10,0 11.0 14.5 
74N ? 31.5 3.900 18.0 12.0 11,0 13.4 
16 M 32.0 3.00 10.0 11.0 10.0 13.0 
51 M 33.2 4.200 11.5 10.8 11.3 13.9 
31 M 33.5 3.680 13.0 11.3 11.5 14.5 
24 M 33.8 4.520 11.0 10.7 12.0 14.0 
28 M 34.5 3.150 12.2 11.1 10.1 13.8 
68 M 35.1 3.250 13.0 9.5 9.5 14.6 
) M 38.0 4.100 13.0 12.5 13.0 17.0 
19 ? 10.0 4.275 14.0 11.9 10.5 17.2 
39 M $1.7 4.800 14.0 12.0 11.2 15.0 
3 M 13.0 7.830 16.5 11.0 13.0 16.0 
22 M 17.0 7.850 17.5 13.0 13.5 15.5 
64 F 49.0 8.500 13.8 4.6 13.0 17.3 
94N F 49.5 6.700 18.2 10.4 
1X M 52.0 9 800 19.0 12.0 13.0 19.0 
0 M §2.2 8.700 17.3 9.0 13.5 17.8 
0 M 52.3 9.500 20.5 16.1 15.5 18.6 
8 M 55.0 11.500 17.9 16.0 14.0 19.0 
OIN F 56.0 8.850 20.8 16.5 15.0 18.5 
f5 F 57.0 9.200 18.2 11.5 13.5 17.0 
66 M 59.0 11.075 20.2 10.5 14.2 18.4 
H M 60.5 13.100 21.8 11.5 17.2 18.0 
7 M 62.0 12.840 21.3 14.0 16.5 18.9 
21 M 68.0 16.650 22.5 12.5 17.0 18.0 
( M 68.0 16.600 26.0 12.0 14.0 20.0 
M 68.5 19.565 25.5 14.0 18.4 20.8 
19 M 70.0 20,000 25.0 12.5 15.0 20.0 
l M 74.3 17.100 28.0 15.6 17.4 21,0 
7 F 76.7 20.250 25.3 14.5 17.8 23.1 
11 F 77.0 18.400 27.0 11.0 17.5 20.0 
BN F 79.0 25.100 28.0 15.0 20.0 24.0 
12 K 81.0 20.850 29.0 13.2 19.0 22.0 
6’ M 84.8 23.750 28.2 15.1 18.9 23.5 
6 k 85.0 23.600 29.0 18.0 20.5 21.3 
7 F 90.0 28.900 32.0 15.0 24.0 25.0 
{ F 90.0 29.500 31.0 16.0 22.0 20.0 
12 M 90.0 28.500 31.0 15.0 19.0 22.0 
0 M 90.2 29.500 33.5 13.3 20.5 25.5 
o M 90,2 31.000 33.0 18.5 24.2 26.0 
0 F 92.0 27.400 31.0 16.5 18.5 23.2 
M 93.0 31.300 31.3 18.5 20.0 25.5 
F 93.5 35.300 33.0 20.0 26.0 25.0 
F 95.0 34.900 35.0 17.0 20.0 25.0 
M 97.0 38.400 31.0 14.0 27.0 29.0 
U M 99.0 39.200 33.0 24.0 21.0 24.0 
M 99.0 39.900 35.0 19.0 19.0 24.0 
F 104.0 58.200 41.5 17.5 28.5 30.0 
M 105.0 46.150 35.8 12.0 25.5 29.4 
‘ M 106.0 54.400 36.5 16.0 24.0 29.9 
F 110.1 54.075 34.7 12.2 24.9 30.9 
F 121.3 66.900 43.5 13.5 28.0 32.5 
} M 121.7 65.540 46.0 14.2 24.0 33.5 
M 125.0 86.100 42.3 24.0 31.0 35.5 
M 130.5 65.02 ‘BE 
M 142.5 115.800 54.4 38.9 31.5 15.0? 
KF 143.3 118,187 52.0 15.0 33.0 37.0 
M 154.6 160.400 55.0 24.5 25.0 38.0 
M 164.5 194.900 60.5 40.0 45.1 
M 168.2 188,775 9.0 $5.0 43.5 
Sex. C-R-L = Crown-Rump-Length. S-N to P = Sternal Notch to Pubis. O-F-D = Occipito- 
Diameter. H-D = Horizontal Diameter. D-V-D = Dorso-Ventral Diameter. 
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SPECIMEN 
107 M 
95 
53 
18 M 
109 M 
16 M 
108 M 
91 M 
105 
90 M 
83 M 
S4 
106 M 
104 M 
46 M 
87 
103 KF 
38 
112 F 
sO M 
79 M 
85 M 
SY M 
97 M 
102 
111 M 
98 M 
110 M 
M 
82 M 
100 M 
86 M 
S Sex. C-R-L 


Frontal Diameter. H-D 


CLARENCE W. NICHOLS, JR. AM. 
TABLE | (Continued) 
C-R-L Wr S-N 
MM. GM. TOP O-F-D H-D 
170.0 153.36 
172.5 179.720 63.0 20.0 34.0 
175.9 192,800 64.0 24.8 37.2 
184.0 282,500 70.5 30.9 $1.0 
185.0 137.94 P 
185.5 283.700 70.0 31.5 $2.5 
189.0 127.43 ‘ 
202.0 
211.0 153.59 
214.5 344.59 
225.0 511.27 
233.0 $44.59 
236.0 538.61 
“68.0 623.63 
"82.0 1020.54 
283.5 1674.23 
287.0 963.86 
330.0 1374.172 115.0 $1.0 93.0 
335.0 1539.81 (No major body dimensions determ 
348.0 1872.04 the remaining fetuses) 
2439.99 
106.0 2947.60 
410.0 2864.24 
119.0 $260.15 
449.0 3770.42 
153.0 3734.08 
155.0 4592.58 
190.0 5896.67 
507.0 5613.12 
50.0 (382,46 
632.0 10690.52 
645.0 11339.75 
680.0 27422.06 
Crown-Rump-Length. S-N to P Sternal Notch to Pubis. O-F-D 


Horizontal Diameter. D-V-D Dorso-Ventral Diameter 


Fig. 2—Same as figure |, but viewed from the front. 
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TABLE 2—Correlation of Data on Relative Age, 
Weight and C-R Length, Utilizing the Data of 
Winters et al. to Determine the Relative Age 
of Representative Fetuses of the Series 


WINTERS ET AL. NICHOLS 


WT. C-R-L Wr. C-R-L 
AGI GM. MM. GM. MM. 
iVs 1.55 22.8 1,42 22.0 
2.77 30.8 2.3 30.0 
4.94 38.5 4.10 38.0 
5.62 46.7 7.85 47.0 
13.78 66.0 6.65 68.0 
of 


FOREHEAD- 
RU MP-LENGTH 


159.8 164.0 194.9 164.5 
317.2 188.0 127.4 189.0 
550.0 240.0 538.6 236.0 
820. 271.0 623.6 268.0 
1390. 312.0 1374.1 330.0 
2746. 368.0 2439.9 280.0 
3562. 437.0 3770.4 449.0 
7144, 485.0 5896.6 490.0 
6685 540.0 7382.4 550.0 
10433 585.0 10690.5 32.0 
R-L = Crown-Rump-Length. 


for the human fetus. In my opinion, these 
major body dimensions [sternal notch to 
pubis, oecipito-frontal diameter, horizontal 
diameter (at umbilical level), and the dorso- 
ventral diameter (at umbilical level) | were 
suitable for determining the _ regional 
growth of the body in relation to the C-R 
length. These dimensions, expressed graph- 
ically in relation to the C-R length, are 
shown in figure 3 to 6. The resulting 
curves are all of the straight-line type, 
which are in accordance with the findings 
of Calkins and Scammon® for the human 
fetus, and further agree with the general 
concept that the major body regions bear 
a nearly constant ratio to the total body 
length. A complete discussion of the aspects 
of form and growth have been presented 
by Brody? and Jackson’, and are worthy 
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MONTH 
ACTUAL WEIGHT IN GM, 


of reference in regard to the above discus- 
sion. 
DISCUSSION 
A review of earlier investigations on 


the prenatal growth of the bovine fetus 
clearly reveals that there is yet much to 


Dim errs1en GAM) 


T 


40 60 90 /40 160 (8 200 
C-£-H. (M4). 


Fig. 3—Relation of growth in length (C-R)} to 
sternal notch to pubis length (regional body 
dimension). 


be desired in establishing normal tables of 
development for the prenatal calf. The col- 
lection of fetal material of known age is 
still the paramount problem, since the cow 


te 


6 ‘ 


1,830 2,700 10,380 16,760 
1,712 5,056 9,450 16,075 
5 6,300 9,600 19,300 


6,500 325 23,000 20,000 
5,896.6 11,339.75 


tive data only. 
ted as three separate specimens. 


e data of Rérik, though excluded from discussion in the text, are included in the above chart for 
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TABLE 3—Comparative Data on the Fetal Weights of the Calf During Successive Months of Gestation* 
Buche 8.3 109.0 599 
650 
1,270 
Rbrik 5.0 77. 480 
8.50 2,864.2 
6.70 
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cannot be sacrificed economically during 
* specific periods of gestation as can small 
laboratory animals. Once a complete growth 
curve has been developed, the use of mathe- 
matics should lead to suitable formulas for 
determining the age of the bovine fetus 


404 


B.D. 


4 


O 26 40 66 G0 (00 /26 (4 160 
C-R-H (AM) 


Fig. 4—Relation of growth in length (C-R) to 
dorso-ventral diameter (at umbilical level). 


from the C-R length-weight relationship, 
as has been done for the human fetus. It 
will also afford the use of fetal material 
from random herds, where no previous 
breeding history is available. 

The work of Winters et al.* has done 
much to clarify many of these problems. 
Their investigation has combined the three 
essential factors so necessary for establish- 
ing a normal growth curve: age, weight 
and length (C-R). 

Until the aforementioned problems are 
solved, no one set of data can be consid- 
ered as a normal table of development for 
the prenatal calf. In presenting the present 
study, it has been the hope to revive a 
much neglected study that warrants com- 
pletion. It is also hoped that the data 
presented here will be of value in establish- 
ing normal growth tables for the prenatal 
calf on material of known dated pregnan- 
cies. 


SUMMARY 


Data on the crown-rump (C-R) length, 
weight, and relative age of 101 calf fetuses 


of the Hereford breed, having a C-R length 
of from 22 to 680 mm., are presented. (Cer. 
tain major body dimensions are given, and 
plotted graphically in relation to the C-R 
length. 

Comparison of the data on fetal weights 


C-R-H(MM) 


Fig. 5—Relation of growth in length (C-R) to 
occipito-frontal diameter. 


and C-R length is made with data of pre- 
vious investigators. 


An apparatus is described and illustrated 
for obtaining body measurements utilized 
in the present study. 


Suggestions are offered in establishing 
normal tables of growth for the prenatal 
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Fig. 6—Relation of growth in length (C-8) to 
the horizontal diameter (at umbilical leve'). 
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teria! of unknown age can be utilized. 
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Egg-Yolk Medium for the Cultivation of 
Hemophilus Gallinarum 


CHARLES H. CUNNINGHAM, B.S., M.S., D.V.M., and 
H. O. STUART, B.S., M.S. 


Kingston, Rhode Island 


STUDIES of the growth requirements of 
Hemophilus influenzae have been made by 
Thjotta and Avery®:*:*; and similar studies 
of the fowl-coryza bacillus, Hemophilus gal- 
linarum, have been made by Delaplane, Er- 
win, and Stuart'; Delaplane and Stuart’; 
Gregory*; and Schalm and Beach.* These 
studies indicated that certain factors in 
blood were necessary for growth of hemo- 
philic bacilli, but that these factors may be 
supplied from other sources such as bac- 
teria, yeast, and perhaps all fresh plant and 
animal tissues. 

The use of chicken blood at the bases of 
nutrient agar slants as a check medium by 
Delaplane et al.,! and Gregory’s report® that 
chicken infusion broth plus small pieces of 
uncooked potato gave excellent results in 
the cultivation of H. gallinarum suggested 
the possible use of chicken eggs as a source 
of the required growth factors. 


PROCEDURE 


Egg Yolk in Agar and Aqueous Mediums. 
—Phenol red dextrose nutrient agar (Dif- 
20) (mediums I to IV), nutrient agar 
(Difco) (mediums V to VIII), and non- 
nutrient agar (2%) (mediums IX to XII) 
were prepared in 2 lots with 0.8 per cent 
sodium chloride in 1 lot. Distilled water 
and physiological saline were the aqueous 
mediums (mediums XIII and XIV) (table 
1). Each medium in 100 cc. amounts was 
sterilized in an Erlenmeyer flask and cooled 
to 55 C. One egg yolk, approximately 18 
cc., was then added, mixed thoroughly, and 
5 cc. of the medium poured into sterile cul- 
ture tubes. Agar mediums were slanted. 
The reaction of the egg-yolk nutrient agar 
was pH 6.4. Sterile, distilled water and 
physiological saline in 2 cc. amounts were 


Contribution No, 650 of the Rhode Island Agri- 
cultural Experiment Station, Kingston. 


added, respectively, to the bases of one-half 
of the agar slants containing sodium chlo- 
ride and one-half of the agar slants with- 
out sodium chloride. 

Egg-yolk agar slants with sodium chlo- 
ride were opaque with a uniform distribu- 
tion of fine granules, whereas the slants 
without sodium chloride had a nonuniform 
distribution of coarse granules. 


Egg Yolk at the Base of Agar Mediums. 
—Phenol red dextrose nutrient agar (Dif- 
co) (mediums I and II) and nutrient agar 
(Difco) (mediums III and IV) slants of 
5 ce. per tube with 0.8 per cent sodium 
chloride were prepared (table 2). Solutions 
of egg yolk in distilled water and physio- 
logical saline, similar in composition and 
preparation to mediums XIII and XIV of 
table 1, were added in 2 cc. amounts to the 
bases of one half of the agar slants, re- 


spectively. The reaction of the egg-yolk 
solution was pH 6.6. 
Physiological saline egg-yolk solutions 


were of uniform suspension with a slight 
sediment which could be resuspended easily, 
whereas the distilled water solutions had 
considerable sediment which could be re 
suspended with difficulty. 

Preparation of Eggs for Mediums.—Egs 
shells were washed with water and dried. 
Holding the ends of the egg with the 
fingers, the shell was washed with 95 per 
cent ethyl alcohol and air dried. The cet- 
tral portion of the shell was then swabbed 
with 95 per cent ethyl alcohol which was 
burned off. The shell was broken in half 
and the yolk separated from the a bumen 
by pouring from one half-shell to the other, 
the chalaza being removed by scraping it 
from the yolk with the edge of the empty 
half-shell. A sterile transfer needle was 
used to break the yolk membrane to facili- 
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tate pouring the yolk from the shell into 
the melted agar and aqueous mediums. 


INOCULATIONS 


H. gallinarum strains 33 and 44 obtained 
from J. P. Delaplane, Texas Agricultural 
Experiment Station, were used. Inoculums 
from 48-hour cultures in citrated chicken 
blood at the bases of nutrient agar slants 
vere used to initiate growth. Transfers 
and stained preparations were made daily, 
except as indicated otherwise in the accom: 
panying tables. At each transfer in the 
egg-yolk solutions at the bases of agar me- 
diums (table 2), check mediums of citrated 
chicken blood at the bases of nutrient agar 
slants were inoculated for comparison with 
growth in the test mediums. 


RESULTS 


Growth of H. gallinarum in some amount 
was established and maintained in all egg- 
yolk agar slant mediums with sodium chlo- 
ride either in the mediums, at the bases of 
the slants, or both, with one exception 


TABLE 2—Cultivation of Hemophilus Gallinarum Strains 33 and 44 in Egg Yolk in Distilled Water and 
Physiological Saline at the Base of Nutrient Agar Slants 


(table 1, medium XI), and in all egy-yolk 
solutions of distilled water or physiologica| 
saline at the bases of nutrient agar slants 
with 0.8 per cent sodium chloride (table 2), 


With egg-yolk agar slants (table 1), the 
most consistent and heaviest growth was 
obtained in mediums I, II, V, and VI. Ip 
mediums I and II, good growth was ob. 
tained with both strains with the exception 
of one transfer of each strain which re. 
sulted in moderate growth. Mediums VY and 
VI supported good growth for both strains 
in all transfers. 


In mediums III and VII, strain 44 yielded 
good growth for the first 6 transfers and 
moderate growth in the subsequent 4 trans- 
fers. Strain 33 yielded variable amounts 
of growth which were in close agreement 
for each transfer. 


Mediums IX and X_ supported good 
growth of strain 33 for the first 2 transfers 
and moderate growth for the subsequent § 
transfers, whereas strain 44 yielded moé- 
erate growth for all transfers in both me- 
diums. 


MeEpIuM* 
MICROSCOPIC EXAMINATIONSt 
I Il IV 

TRANS- 

FER 33 Check 44 Check 33 Check 44 Check 33 Check 44 Check 33 Check 44 Check 
Losec + + + + + + + + ++ ++ a + + + + 
+ ++ ++ + ++ ++ ++ + ++ ++ ++ 

+ eee ++ ++ tt ++ a ++ + ++ t+ ++ ++ ++ ++ ++ ++ 41 
++ ++ ++ t+ + + + ++ ++ 
G.ccee ++ Tr TT + ++ t+ tt + +++ ++ ++ + +++ ++ t+ fT 
6. +t ++ +++ ++ + +tt+ +t ++ “+ 
++ + ++ ++ ++ +++ ++ TT + ++ + 
S...6- + ++ Tt .+ ++ + t+ ++ ++ ++ ++ ++ + ++ TT 
ee + ++ + + ++ ++ + + + + ++ ++ ++ ++ “+3 

® Test Mediums: I = Phenol red dextrose nutrient agar, 0.8% NaCl; egg yolk in 0.85% NaC! at 2 
of slant. II — Phenol red dextrose nutrient agar, 0.8% NaCl; egg yolk in distilled water at base ° 
slant. III — Nutrient agar, 0.8% NaCl; egg yolk in .0.85% NaCl at base of slant. IV = Nutrient ass 
0.8% NaCl; egg yolk in distilled water at base of slant. 

Check Medium: Citrated chicken blood at the base of nutrient agar slant, 0.8% NaCl. 

t+++ = exceptionally good growth; ++ = good growth; + = moderate growth; + = sligt 


growth; — = no growth. 
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In medium XI, moderate growth of strain 
ecurred only in the first transfer, al- 
, sodium chloride was present at the 
\f the slants. An explanation of this 
tion has not been determined. 


In several transfers of both strains in 
medium XIV, the amount of growth was so 
dight that the classification was made with 
difficulty and was indicated as questionable. 
This was particularly noticeable with strain 


44, 

Inoculum from the last transfer of the 
strains in mediums I and XIV yielded good 
rowth in citrated chicken blood at the 
. bases of the nutrient agar slants and thus 
* ubstantiated the microscopic classifica- 
tions. 

The amount of growth was greater with 
e mediums containing sodium chloride in the 
oo only, or in the agar with saline at the 
3 bases of the slants, than with mediums 
rl without sodium chloride in the agar but 
a with saline at the bases of the slants. 


Sodium chloride contributes to and is es- 
sential for growth of the organism. 


Results obtained with nutrient agar me- 

liums indicated the possibility that the 
utrients may contribute to the metabolism 
of the organism, since growth was con- 
istently greater than where non-nutrient 
ediums were utilized. 


In mediums containing phenol red, there 
0 visible change of the indicator after 
ight hours incubation. 


nges in the appearance of the dis- 
ater and physiological saline at the 
f the slants, after forty-eight hours 
ation, were not significant and could 
be used as a definite criterion of growth. 


y formation did not occur on egg- 
ir slants or on Petri culture dishes 
mditions of normal incubation, high 
vy of incubator atmosphere, or Petri 
e dishes sealed with parafilm or wax. 


exg-yolk solutions at the bases of 
t agar slants (table 2), growth va- 
were not of appreciable signifi- 


CULTIVATION OF HEMOPHILUS GALLINARUM 


cance, although strain 33 in mediums III 
and IV yielded exceptionally good growth 
in several transfers and more consistent 
results than obtained with the other me- 
diums. 


The amount of growth in test mediums 
was greater than in the check medium in 
29 transfers, less in 9 transfers, and the 
same in 38 transfers (table 2), indicating 
that the test mediums were of some supe- 
riority as compared to the check medium. 


That agar enhances growth is indicated 
as moderate growth, good growth, and ex- 
ceptionally good growth were obtained in 
egg-yolk solutions at the bases of nutrient 
agar slants (table 2), whereas the amount 
of growth was slight or questionable in 
egg-yolk solutions alone (table 1, medium 
XIV). Sodium chloride did not completely 
take the place of agar. 


Stained preparations of cultures in dis- 
tilled water and physiological saline at the 
bases of egg-yolk agar slants presented a 
clear microscopic field which could be ex- 
amined easily, whereas egg-yolk solution 
preparations were thick and examined with 
difficulty. 


SUMMARY 


Chicken egg yolk contains certain essen- 
tial growth factors required by Hemophilus 
gallinarum. Sodium chloride is also re- 
quired for growth. 


Egg-yolk nutrient agar slants containing 
0.8 per cent sodium chloride with physio- 
logical saline at the bases of the slants pro- 
vide a satisfactory, easily prepared, and 
blood-free medium for the cultivation of 
H. gallinarum. This medium would seem to 
be of particular value in laboratories not 
having access to a source of fresh blood as 
required in blood mediums. Egg-yolk nu- 
trient agar slants may be prepared in bulk 
and refrigerated, physiological saline being 
added to the bases of the slants when cul- 
ture medium is needed. The medium may 
then be inoculated, immediately, without 
waiting for a preliminary incubation period. 


Several hundred egg-yolk agar slants, all 


APR 44 145 
44 
th 
ba 
and 
eck | 
4] C 
Ja 
net 
ot 
Col 
+] 
nder 
humid 
ultu 
In 
hutri¢ 
iatior 


146 


CUNNINGHAM AND STUART 


Am. J. Ver. Ruy 


of which were sterile, have been prepared 
as contamination of this medium is reduced 
to a minimum with aseptic technique. 

It is believed that this is the first report 
of an egg medium for the cultivation of 
H. gallinarum. 
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Effects of Environment Upon the Free-Living Stages of 
Ostertagia Circumcincta (Stadelmann) Trichostrongylidae: 


II. Field Experiments 


DEANE P. FURMAN, Ph.D. 
Berkeley, California 


THE FIELD experiments described in this 
paper are directly correlated with a pre- 
vious paper! which gave the results of lab- 
oratory tests on the free-living stages of 
Ostertagia circumceincta (Stadelmann), the 
brown stomach worm of sheep. The pres- 
ent work was conducted to ascertain the 
effects of pasture type and pasture manage- 
ment upon the longevity and availability of 
the free-living stages of the parasite. The 
experiments were carried out in the dry, 
interior Sacramento valley region of Cali- 
fornia. 


METHODS 


A series of two-foot square plots were 
bounded by six-inch boards imbedded approxi- 
mately four inches in the soil. Each plot in 
which vegetation was growing was surrounded 
by a fence of one-fourth inch mesh hardware 
cloth to restrain lateral growth of vegetation 
beyond the plot limits. Where infested plots 
were adjacent to one another the tops of the 
wooden frames were coated with a sticky pro- 
prietary substance known as “deadline,” which 
served as an effective barrier to any migrating 
larvae. With one exception, noted later, the 
vegetation was well established for more than 
three months before it was infested. Tests 
were also conducted on both shaded end non- 
shaded bare soil plots. Shaded plots were cov- 
ered by awnings of burlap approximately 
tight inches high which were removed in rainy 
weather. With the exceptions noted later, each 
plot was set up in quadruplicate for each of 
three seasons tested; two series were set up 
on Yo!) fine sandy loam, one series irrigated 
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and the other nonirrigated; and two series 
were established on Yolo clay loam, again one 
series irrigated and the other nonirrigated. 

Three vegetation types, alfalfa (Medicago 
sativa), ladino clover (Trifolium repens var. 
latum), and western rye grass (Lolium multi- 
florum) were tested on the irrigated soils, but 
only alfalfa and rye grass on the nonirrigated 
soils inasmuch as nonirrigated ladino clover 
will not survive the dry, hot months in the 
Sacramento Valley. Since rains eliminate the 
necessity of irrigation during the winter sea- 
son, only the nonirrigated series of plots were 
infested in the winter. Although irrigation 
was discontinued during the rainy season, the 
originally irrigated plots infested in the sum- 
mer and fall were sampled throughout the 
winter. The rye grass of the summer infesta- 
tion series died within fifty to seventy-five days 
after infestation. During the dry season, the 
irrigated series of plots were irrigated once a 
week with approximately one inch of water. 
This proved sufficient to prevent undue drying 
of the surface soil when shaded by vegetation 
or by artificial means. 


The three seasonal series of plots were in- 
fested during the latter part of May, early 
September, and early December of 1941, using 
weighed quantities of fresh sheep feces. The 
egg content of the feces was determined by the 
quantitative method described by Stewart and 
Douglas.? The rate of infestation was approxi- 
mately 50,000 eggs per square foot. 

Samples from both vegetation and bare soil 
plots were taken within four hours after sun- 
rise. In all cases, sampling preceded irriga- 
tion when the two procedures fell on the same 
day. Vegetation samples were obtained by cut- 
ting the plants at the base. The height of the 
vegetation was recorded as well as the weight 
of the sample removed. The average weight 
of the vegetation samples was approximately 
25 Gm. The plants sampled were cut in pieces 
approximately one inch long and placed in a 
Baermann apparatus. Water was poured di- 
rectly over the vegetation in the funnel. After 
forty-eight hours, 60 cc. of water were drawn 
from the funnel, placed in a petri dish, and 
the larvae isolated under a dissecting micro- 
scope by means of a micro-pipette. Differen- 
tiation from any nonparasitic nematodes pres- 


(147) 


148 
ent was made after gently heating the worms 
in a drop of water. This caused the larvae to 
die in an extended position and subsequently 
they were examined under the microscope. 
When large numbers of larvae were present 
the sample was diluted to 100 cc. with tap 
water and thoroughly mixed by bubbling with 
a hypodermic syringe. Immediately afterwards, 
2 ec. samples were drawn off by means of the 
calibrated syringe. 

Each soil sample was obtained by random 
sampling of various parts of each plot in aues- 
tion, excluding any feces observed to be pres- 
ent. Surface soil was obtained to a depth of 
approximately one half inch; the approximate 
volume of the sample was determined and the 
larvae present were isolated by means of the 
Baermann funnel. The number of larvae pres- 
ent was determined as described above for the 
vegetation samples. The maximum volume of 
soil used for any one sample was 250 ce. 

Since the quantities of soil or vegetation 
sampled varied from time to time, an arbi- 
trary unit of measurement was set up for con- 
venience. A correction factor, based on the 
quantity of the individual sample, was applied 
to data obtained. One unit of soil was consid- 
ered as 500 ec. of soil; one unit of vegetation 
consisted of one pound of plant material. 

Vegetation growing on the experimental 
plots was cut at intervals as the extent of 
growth made it necessary, therefore, all larvae 
on the upper vegetation at that time were re- 
moved. However, inasmuch as the experiments 
were designed to duplicate natural conditions 
as far as possible, the effects of such cuttings 
on the larval population of subsequent vegeta- 
tion samples may be likened to the effects of 
cutting a hay crop. 


METEOROLOGICAL DATA 


Meteorological data were obtained from 
the United States Weather Bureau station 
at Davis, California. In addition, records 
were taken on given days in the summer, 
of the actual temperatures prevailing above 
both dry and irrigated nonshaded soil and 
shaded soil, and under vegetation. The rela- 
tive humidity in the plot vicinity was 
checked at the same time by means of a sling 
psychrometer. Soil temperatures in irri- 
gated and nonirrigated soil were recorded 
by means of small thermometers. 


Meteorological data for experimental pe- 
riods ranging from 1941 to 1942 are given 
in graph 1. Since the evaporation rate is 
the result of the interaction of saturation 
deficiency, temperature and degree of air 
movement, records of the average weekly 
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evaporation have been substituted for : 
ords of saturation deficiency and wind mi! 
age. Amount of evaporation was determin 
from a standard water tank as used by 
United States Weather Bureau. The record 
for daily rainfall is given only from Octo- 
ber, 1941 through February, 1942 in graph 
1. With the exception of 0.01 inch on June 
24, 1941, no rainfall was recorded from 
May 20 to Oct. 19, 1941. 

From the data in graph 1, it is seen that 
the average weekly amount of evaporation 
was high from May to October. In October, 
a marked decrease occurred in the amount 
of evaporation coinciding with the initia- 
tion of the rainy season. The monthly mean 
temperature record shows the temperature 
trend from high in July to low in January. 

Temperature measurements in the field 
demonstrated that irrigation in the sunimer 
results in a leveling of the temperature ex- 
tremes under vegetation. It was also ob- 
served that dry, shaded, surface soil tem- 
peratures average several degrees above the 
prevailing air temperature; similarly dry, 
nonshaded, surface soil is far warmer than 
the shaded soil. 

Although no direct records were made of 
the saturation deficiencies existing under 
vegetation, it is apparent that the cooling 
effect of shading alone would result in a 
relatively low saturation deficiency (high 
relative humidity). Transpiration of plants 
and evaporation from moist soil would de- 
crease the saturation deficiency to an even 
greater extent. Therefore, it is assumed 
that the saturation deficiency existing un- 
der irrigated vegetation was far less than 
that of the surrounding air. 

Summer Infested Plots.—Larval yields 
from irrigated vegetation apparently were 
not influenced except in a general way by 
meteorological conditions (recorded in graph 
1). The reason for this is found in the pre- 
viously recorded observations on the modi- 
fication of meteorological conditions follow- 
ing irrigation. Since the plots in question 
were irrigated at approximately weekly in- 
tervals, they maintained at all times a local 
zone of relatively low temperature and sat- 
uration deficiency. 

The data presented in graphs 2 and 3 
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were compiled to show the great difference 
in the effects of seasonal conditions upon 
the free-living stages of O. circumcincta 
during the critical early period of develop- 
ment and active migration. Although a dif- 
ference of ten days exists in the time in- 
tervals chosen for representation in graphs 
2 and 3, the data of the two graphs may be 
compared inasmuch as there was but one 
sample taken in the ten-day interval be- 
tween fifty-four and sixty-four days, and 
this at a time when all evidence pointed to 
a relatively slight change in population 
density. The difference in time intervals 
chosen for representation was made neces- 
sary because of two reasons: The rye grass 
of one series died prematurely and the rainy 
spell prevented sampling of one soil plot 
series by the Baermann method at the 54- 
day interval. 

Graph 2 portrays the average larval yield 
obtained from the vegetation plots over a 
54-day period following infestation. From 
these data it is evident that irrigated 
clover on fine sandy loam and clay loam 
provides the most favorable vegetation type 
for development and migration of larvae in 
the summer. 

Relatively few larvae were obtained from 
alfalfa as compared with the number from 
ladino clover. This was correlated with the 
more open type of growth and the greater 
average height of the alfalfa, which pro- 
vided infective larvae with less protection 
from heat and desiccation than did ladino 
clover. 

lrrigated western rye grass on fine sandy 
loam and clay loam proved to be a relatively 
poor habitat for preinfective and infective 
larvae in the summer, although more infec- 
tive larvae were obtained from the grass 
growing in clay loam. 

Nonirrigated plants infested in the sum- 
mer yielded no larvae. 

Samples of vegetation taken at intervals 
fo lowing the 54-day period shown on graph 
2 showed a gradual disappearance of larvae 
from the vegetation. The only vegetation 
plits of the summer series on which larvae 
su vived the summer season were irrigated 
laino clover in fine sandy loam and clay 
loom. A sample of irrigated ladino clover 
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growing in clay loam revealed a large num- 
ber of infective larvae 199 days after in- 
festation. Corresponding samples of ladino 
clover from fine sandy loam and alfalfa 
from both soil types revealed no infective 
larvae. Since earlier samples taken from 
ladino clover in the summer months had re- 
vealed very few larvae, it must be concluded 
that the larvae found on the vegetation at 
this late date had been alive in the moist 
soil and feces during all or part of the dry 


ty Sine July Aug Sept Oct, Nov Dec Jon feb 


season. Following the advent of the cool, 
wet weather of the fall, more favorable con- 
ditions for larval migration resulted in the 
movement of these larvae onto the vegeta- 
tion. The explanation for the presence of 
infective larvae on ladino clover in clay 
loam when no larvae were found on the 
clover in fine sandy loam seems to lie in the 
fact that the heavier soil type maintained a 
more constant moisture content than did the 
lighter soil; therefore, larvae in the heavy 
soil type were not subjected to so much 
alternate desiccation and moistening. 
Irrigated, nonshaded soils infested in the 
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summer provided a poor habitat for the pre- 
infective and infective stages of O. circum- 
cincta although a few larvae reached the 
infective stage and survived for from one 
to two months. Nonshaded, nonirrigated 
soils were even more unfavorable for larval 
development; very few larvae reached the 
infective stages, and they soon disappeared. 
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Irrigated, shaded, fine sandy loam and clay 
loam were relatively favorable for develop- 
ment and longevity of infective larvae; un- 
der such conditions a few larvae survived 
over 237 days. Nonirrigated, shaded fine 
sandy loam and clay loam proved to be very 


unfavorable summer habitats for the pre- 
infective and infective stages of O. circum- 


cincta. 


Fall Infested Plots.—In reviewing the re- 
sults obtained from vegetation and soil plots 
infested in the fall (graphs 2 and 38), it 
should be borne in mind that the irrigated 
series was only watered once after being 


infested; the fall rains made further irri. 
gation unnecessary. 

The number of infective larvae recovered 
from irrigated ladino clover in clay loam 
was greater than from the corresponding 
vegetation in fine sandy loam. A statement 
by Ménnig® serves as a partial explanation 
of these results. He points out that there js 
probably a correlation between the extent 
of migration of larvae and their longevity. 
He indicates that infective larvae of Tri- 
chostrongylus spp. in sandy soil die sooner 
than in heavy soil because they are able t 
migrate more extensively. 

As in the case of ladino clover, the larval 
yields from alfalfa growing in clay loam 
were greater than from alfalfa in fine sandy 
loam. 

The number of larvae recovered from rye 
grass averaged about the same from irri- 
gated rye grass on fine sandy loam as from 
comparable ladino clover. 

The number of infective larvae obtained 
from nonirrigated alfalfa on both soil types 
in the fall series compares very favorably 
with the number of larvae recovered from 
the corresponding irrigated plots of this 
series. This is due to the fact that the fall 
rains started sufficiently early to permit a 
large percentage of the stomach worms to 
complete development of less resistant pre- 
infective stages.’ 

As is seen in graph 3, a large number of 
infective larvae were recovered from irri- 
gated, nonshaded fine sandy loam and clay 
loam infested in the fall; however, the 
yields from clay loam were higher than 
those from fine sandy loam. Shading had 
no beneficial effect on the infective larvae 
in fine sandy loam in the fall, contrary to 
the case in the summer. In irrigated clay 
loam, infective larvae were benefited by 
shade to a slight extent. 

Nonirrigated, nonshaded clay loam proved 
a favorable habitat for infective larvae in 
the fall, although they were slow in appear- 
ing. The number of larvae obtained from 
the corresponding fine sandy loam was rela 
tively small. Shading of these nonirrigated 
soil types was of no benefit to infective 
larvae. The advent of the fall rains, five 
days after the plots were infested, supplied 
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ample moisture for development of the free- 
living forms. 

infective larvae were recovered from all 
plots infested in the fall throughout the ex- 
perimental period of 114 to 128 days. 

Winter Infested Plots—From the data 
presented in graph 2, it is apparent that 
the larval returns from ladino clover and 
from alfalfa infested in the winter were not 
significantly different. The larval recovery 
from western rye grass, however, was the 
highest for any vegetation type tested at 
the various seasons. In connection with 
these results, it should be noted that the 
rye grass used in the winter tests was the 
youngest vegetation used in any of the ex- 
periments; much of it had not yet tillered 
appreciably and growth was very slow 
throughout the experimental period. In 
addition, the heavy rains of this season left 
the grass in a semiprostrate condition much 
of the time; larvae on the soil at such times 
were provided with more than the usual 
points of contact with the vegetation. 

From the bare soil plots infested in the 
winter, there was obtained an initially large 
population of infective larvae followed by a 
sharp decrease within three months. This 
was presumably due to the heavy precipi- 
tation of this season, which drove many 
larvae into the deeper soil layers or killed 
them through the beating action of the rain. 

At this point, it should be recalled that 
the laboratory experiments on the migra- 
tion of larvae buried nine inches deep in 
finely divided, packed soil showed that very 
few larvae reached the surface of fine sandy 
loam while almost none were recovered 
from the surface of clay loam. The experi- 
mental conditions in these laboratory ex- 
periments were very similar to those ac- 
tually obtained in the field after long heavy 
ains, when the soil is firmly packed. A 
arge percent of the infective larvae buried 

1 the field during rains, therefore, is prob- 
ably unable to attain the soil surface. 

The data compiled in graphs 2 and 3 
show that plots infested in the summer 
months produced fewer infective larvae than 
plots infested in either the fall or winter. 
In almost every case, more infective larvae 
were recovered from clay loam than from 


fine sandy loam exposed to the same condi- 
tions, and likewise more infective larvae 
were usually obtained from vegetation grow- 
ing in clay loam than from comparable 
vegetation growing in fine sandy loam. The 
explanation of these results has been given 
previously. 
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Although the vegetation plots infested in 
the fall showed a much greater larval popu- 
lation than the comparable plots infested in 
the summer, ladino clover did not show the 
disproportionately high yield of infective 
larvae characteristic of the summer returns. 
This indicates that the type of protective 
influence exerted by irrigated ladino clover 
in the summer months was not of primary 
importance in the fall. 

The nonirrigated vegetation and soil 
types of the winter series may be directly 
compared to the irrigated series of other 
seasons since the winter rains supplied 
ample moisture for the free-living stages of 
O. circumcincta. The larval populations of 
ladino clover and alfalfa infested in the win- 
ter were not markedly different from those 
obtained from comparable vegetation in- 
fested in the fall. Since conditions of tem- 
perature and moisture were generally fa- 


sprit, 1944 151 
8 
> 
4 3000 4 8 
2500 
NN 
ANN 
NNI Wi 
por 3} Nit | | 
NNT 
0 
15678 


152 


vorable in both fall and winter, such results 
were to be expected. The disproportionately 
high recoveries of infective larvae from rye 
grass infested in the winter have been pre- 
viously discussed. 

Many more larvae were recovered from 
shaded soil plots infested in the winter than 


TABLE |—Relationship of Plant Morphology to Larval 


INFECTIVE LARVAE 
PORTION OF PLANT RECOVERED __ 
EXAMINED No. PER CENT 


NAME OF 
PLANT 


Stem 

Leatlet petiolules 

Leaflets minus 
petiolules 


Ladino 
clover 


Lower stem through 
lower node 

Main stem 

Side stems 

Leaves 


Alfalfa 


Western first node 
rye Lower leaf 
grass Upper leaves 
Main stem above 
first node 


from their nonshaded counterparts. These 
results were probably due to the fact that 
heavy rains fell during the night on two 
occasions when, through oversight, awnings 
were protecting the shaded plots from the 
beating action of the rain. 

The relative susceptibility of eggs and 
preinfective larvae to temperature extremes 
and to desiccation! is significant with re- 
spect to an explanation of the relatively few 
infective larvae found on soil and vegeta- 
tion infested in the summer as compared 
with that infested in the fall and winter. 
In the case of nonirrigated plots, all or most 
of the preinfective forms present were 
killed by heat and desiccation in the sum- 
mer, and even when irrigation practices 
were employed the meteorological conditions 
were not sufficiently modified in the local 
zone affected to prevent a heavy mortality 
of preinfective forms. 

The relatively great resistance of infec- 
tive larvae to temperature extremes and to 
desiccation explains their ability to survive 
the summer season on irrigated, shaded soil, 
although it is evident that even they are 
unable to survive the summer on nonirri- 
gated soil. 
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The increased numbers of infective larvae 
on vegetation in the fall and winter months, 
as compared to similarly infested vegetation 
in the summer, is correlated with the in- 
creased incidence of parasitic gastritis in 
California sheep during the fall and winter 
seasons noted by Freeborn and Stewart.‘ 


MIGRATION OF INFECTIVE LARVAE 
ON VEGETATION 


Experiments were conducted to determine 
variations in the position of larvae on vege- 
tation with respect to the morphology of 
different plant types. Examination of the 
external morphology of the various plant 
types concerned reveals the following per- 
tinent information. The stems and lower 
surface of the leaves of alfalfa are mod- 
erately pubescent; the junctions of the side 
stems with the main stem produce raised 
obstructions extending around one half the 
circumference of the main stems. Ladino 
clover has glabrous stems lying prostrate on 
the soil surface. The petiolules of the leaflets 
appear to form no mechanical obstructions 
since they arise from the stems as smooth 
“branches.” Mature western rye grass has 
a glabrous stem, or culm, which is enveloped 
by the sheath of each leaf. This in effect 
provides a deflecting mechanism whereby 
ascending larvae may be diverted onto the 
leaf. 


Samples of the above plant types were 
brought in from the field at 11 a.m. on a 
clear, cool day. A heavy dew had formed 
the previous night but the vegetation was 
just visibly moist at the time of sampling. 
The plants were cut into the portions noted 
in table 1 and the portions were placed in 
warm water. No attempt was made to main- 
tain the initial temperature of the water 
(40 C.) above the room temperature of 15 
to 27 C. After the plants had been soaked 
for six to eight hours the water was drawn 
off and examined for infective larvae. 


A record of the numbers of larvae found 
on various portions of the previously men- 
tioned plants is given in table 1. It is seen 
that the lower stem and lower node har- 
bored 55.4 per cent of the larvae on alfalfa, 
and 29.2 per cent were recovered from the 
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side stems. The main stem and leaves of 
alfalfa carried only 6.1 and 9.2 per cent, 
respectively, of the infective larvae. On rye 
grass, the majority of the infective larvae 
were recovered from the lower leaf 
64.5%), and 26.7 per cent were on the 
lower stem and lower-most leaf node. No 
larvae were found on the upper leaves of 
rye grass and only 8.8 per cent on the main 
stem above the first leaf node. This shows 
that the majority of the infective larvae on 
rye grass are directed onto the lower leaves. 
From ladino clover, 64.2 per cent of the 
larval population was recovered from the 
leaflets exclusive of their petiolules. The 
petiolules harbored 21.4 per cent of the 
larvae while the petiole carried only 14.2 
per cent of the total larvae found. These 
data show that 85.6 per cent of the infec- 
tive larvae migrated directly to the upper- 
most parts of ladino clover. 


On the basis of these data, therefore, it 
seems logical that, other things being equal, 
sheep will ingest more infective larvae from 
ladino clover than from either alfalfa or rye 
grass. 


In order to determine if there was an ap- 
preciable migration of larva into the upper 
foliage of irrigated vegetation during hot, 
dry summer weather, heavily infested ladino 
clover approximately six inches tall was cut 
into top and bottom halves, weighed and 
placed in Baermann funnels. Samples were 
taken at 9 a.m. and 4 p.m. The total num- 
ber of larvae recovered per pound of vege- 
tation was slightly less in the afternoon, 
but there was an increase of 14.3 per cent 
in the number of larvae in the upper vege- 
tation in the afternoon. Since the tempera- 
ture at 4 p.m. was 102 F. and the satura- 
tion deficiency was 38.26 mm. of mercury, 
it is evident that normal summer weather 
will not prevent considerable numbers of 
larvae from reaching the upper foliage of 
irrigated forage plants if they are first able 
to reach the infective stage. Once having 
attained the upper foliage of plants, how- 
ever, most of the larvae are rapidly killed 
by heat and desiccation, as was demon- 
strated by the rapid decline in numbers of 
larvae obtained from summer infested 
vegetation. 


SUMMARY AND CONCLUSIONS 


Free-living stages of Ostertagia circum- 
cincta can develop in large numbers from 
the egg stage to the infective larval stage 
during the summer months on irrigated 
California pastures, and infective larvae on 
such pastures can survive the entire sum- 
mer season. On nonirrigated land all free- 
living stages are rapidly killed in the sum- 
mer. This indicates that irrigated pastures 
left idle throughout the summer must still 
be considered as potential foci of infection. 

Irrigated ladino clover is more favorable 
for the development and survival of the 
free-living stages of O. circumcincta in the 
summer than irrigated alfalfa or rye grass. 

During the fall and winter months, a 
much greater per cent of eggs develop to 
the infective larval stage than in the sum- 
mer. 

Irrigated heavy soil is more favorable for 
longevity of infective larvae in the summer 
than irrigated light soil. 

Following comparable infestations, a 
greater number of infective larvae is found 
on the upper foliage of ladino clover than 
on alfalfa and more on the upper foliage of 
alfalfa than on western rye grass. This is 
correlated with the type of external plant 
morphology. 

From the foregoing data, it may be con- 
cluded that the increased incidence of O. 
circumcincta in California sheep during fall 
and winter months is largely due to the in- 
creased numbers and availability of infec- 
tive larvae at these periods. For the same 
reason, a higher summer incidence of in- 
fection with O. circumcincta may be expect- 
ed in sheep grazing on irrigated pasture 
rather than on nonirrigated pasture. 
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Neutralization Tests with Avian Pneumoencephalitis Virus 


EDWIN L. MINARD, Ph.D., and ERWIN JUNGHERR, D.M.V. 


Storrs, Connecticut 


AS STATED in the report on the pathology 
of avian pneumoencephalitis (P.E.),’ inocu- 
lation of the presumably normal adult birds 
failed to produce the disease. Serum sam- 
ples obtained from these experimental birds 
before inoculation were held for subsequent 
neutralization tests and found to have a 
surprisingly high titer against P.E. virus. 
Beach? had previously stated that P.E. 
virus is capable of forming neutralizing 
antibodies. Since the occurrence of P.E. 
has not been reported in New England, 
methods for conducting quantitative neu- 
tralization tests with P.E. virus were de- 
veloped and applied in a limited geographic 
survey of the distribution of P.E. neutral- 
izing antibodies in chickens. 


MATERIALS AND METHODS 


The P.E. virus used in this study was the 
chick-derived California strain 1197-41 re- 
ferred to in the preceding communication. 
According to Dr. Stover, the strain had under- 
gone about 40 chick passages over a period of 
seven months. It proved readily adaptable to 
chick embryos and killed 9-day-old inoculated 
embryos in dilutions of 10-7 within forty-eight 
hours. The allantoic membrane, the corre- 
sponding fluid, and ground-up embryo from 
which the eyes had been removed, had almost 
identical titers. 

Most of the fertile eggs used in this work 
came from Rhode Island Red and Barred 
Plymouth Rock breeders, and were obtained 
through the codperation of Dr. H. M. Scott of 
the Department of Poultry Husbandry, Uni- 
versity of Connecticut, as a contribution to the 
study of the relationship of pullet disease to 
P.E. 

The virus suspensions were made by grind- 
ing the whole chick embryo with alundum or 
pyrex glass under aseptic precautions, and 
making up the material in ten times its weight 
of saline solution containing 10 per cent 
chicken infusion broth. After horizontal cen- 
trifugation at 2,000 r.p.m. for 10 minutes, the 
supernatant liquid was taken to be a 1:10 
virus dilution; from this further decimal dilu- 
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tions were prepared in a ratio of 1:9. An 
equal volume of the undiluted serum preserved 
with 1:10,000 Merthiolate was added to the 
virus dilutions. The serum-virus mixtures were 
incubated at 37 C. for one hour and held in the 
refrigerator until used for inoculation, one to 
two hours as a rule. In all tests, the control 
mixtures were inoculated last, in order to take 
into account any possible destruction of the 
virus during the incubation period. 

Inoculations were made into 8- to 10-day-old 
embryonated hen’s eggs. After determining 
the boundaries of the air sac by transillumina- 
tion, the egg shell was perforated without 
puncturing the shell membrane with a small 
motor-driven emery burr near the angle of the 
air sac and the shell. The opening was dis- 
infected with 2.5 per cent tincture of iodine. 
The serum virus mixtures were injected in 0.1 
ce. amounts with a 26-gauge, %-inch needle, 
which was jabbed sharply to its full length 
through the membrane-covered opening into 
the allantoic cavity. After sealing with melted 
paraffin, the eggs were incubated at 38 C. and 
candled daily for four days. The majority of 
the affected embryos were found dead within 
forty-eight to seventy-two hours after inocu- 
lation. Embryos surviving this period were 
usually found to live and hatch normally. Dead 
embryos which were meant to serve as a future 
source of virus were removed from the shell 
and stored in the frozen state at —23 to —26 
C. Under these conditions, the P.E. virus re- 
mained highly virulent for at least four weeks. 

Five test serums each were obtained through 
the kind coéperation of Dr. H. Van Roekel, 
Massachusetts State College, Amherst, and Dr. 
J. F. Witter, University of Maine, Orono; 9 
from the Storrs International Egg-Laying 
Contest from birds representing Connecticut, 
Massachusetts, California, Iowa, Michigan, 
New Jersey and New York; 10 from Connecti- 
cut field specimens, and 25 from the flock of 
the Department of Poultry Husbandry, Uni- 
versity of Connecticut. 


RESULTS 
The results of the neutralization tests 
are presented in table 1. The neutralizing 
doses were expressed as the reciprocal of 
the difference between the titers of the con- 
trols and the serum virus mixtures, ¢.¢. 
control titer 10-7, serum-virus titer 10°: 
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neutralizing doses 10,000. The dilution at 
which about one half of the inoculated em- 
brvos survived was taken as the critical 
titer. It seemed advisable to give the data 
in detail since quantitative neutralization 
tests with P.E. virus have not been recorded 
in the literature, as far as known. For the 
purpose of presentation, the data have been 
grouped according to the geographic origin 
of the birds. The control tests are recorded 
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in table 2, together with references to the 
corresponding serum neutralization tests of 
table 1. In two instances (serums 29 and 
30), parallel titrations were carried out in 
chicks by intramuscular injections. Four 
repeat tests with the same serums (31, 32, 
33, and 35) were performed after one 
month’s storage in the refrigerator. 

From the data presented in table 1, it 
will be seen that on the basis of the quan- 


TABLE !—Neutralization of Avian Pneumoencephalitis Virus 


DILUTION OF VIRUS No. 


SouRCcE OF BIRDS 
Ace _____J&CTED _EWBRYOS' 
STATE BREED (Mo.) 10-7 10-6 10-5 


OF SURVIVING/TOTAL IN- 


NEUTRALIZ- 
ING DOSES 


REMARKS 


Mass. 
Mass. 
Mass. 
Mass. 
Mass. 
Mass. 
Maine 
Maine 
Maine 


~ 


~~ 


lowa 
Mich. 
Mich. 
N. J. 


Conn, 
Conn. 
Conn. 
Conn. 
Conn, 
Conn. 
Conn. 
Conn. 
Conn. 
Conn, 
Conn. 
Conn, 
Conn. 
Conn. 
Conn. 
Conn. 


Conn, 
Conn, 


bop 


Conn. 
Conn. 


tore 
~ 


Conn, 
Conn. 
Conn. 


Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 


~~ 


“sooo 


~ 


~™ 


0 Inf. Bronch. Immune 

0 Inf. Bronch. Immune 

10 Inf. Bronch. Immune 

0 Fowl Pox Immune 

0 Fow! Pox Immune 

Storrs Laying Contest 

Normal 

Normal 

Normal 

Normal 

Normal 

Storrs Laying Contest 

Storrs Laying Contest 

Storrs Laying Contest 

Storrs Laying Contest 

Storrs Laying Contest 

Storrs Laying Contest 

Storrs Laying Contest 

Storrs Laying Contest 

Field Specimen, Rickets 

Field Specimen. Coccidiosis 

Field Specimen. Inf. Bronchitis 

Field Specimen, Inf. Bronchitis 
Specimen. Osteodystrophia 
Specimen, Lymphomatosis 
Specimen, Lymphomatosis 
Specimen, Osteodystrophia 
Specimen. Inf. Bronchitis 
Specimen. Inf. Bronchitis 
Dupl. Titration in Chicks 
Flock. Lymphomatosis 
. Flock Dupl. Titration Chicks 
Flock Normal 
Flock Repeat Test After 1 


10000 
> 10000 
> 10000 
1000000 


Flock Normal 
iv. Flock Repeat Test After 1 


19000 
> 10000 


iv. Flock Normal 
iv. Flock Repeat Test After 1 


> 10000 
> 10000 


10000 
> 10000 
> 10000 


Flock Normal 
iv. Flock Normal 
iv. Flock Repeat Test After 1 


0 Iniv. Flock Neurolymphomatosis 
10 Iniv. Flock Neurolymphomatosis 
>100 Iniv. Flock Vent Gleet 
1000000 iv. Flock Neurolymphomatosis 
10 Iniv. Flock Neurolymphomatosis 
10 Flock Cannibalism 

>10000 i Flock Normal 

10 Iniv. Flock Normal 

> 10000 iv. Flock Normal 

> 10000 Flock Normal 

iv. Flock Normal 

Flock Normal 

Flock Normal 

Flock Normal 

Flock Normal 

. Flock Normal 

Flock Normal 

Flock Normal 


>10000 Flock Normal 


*Blank space indicates no test. 


SERUM 
? 0 0/5 
? 0/5 
> ? 0/5 
4 ? 0/5 
? 0/5 
6 BR 0/4 
7 BR 0/5 
BR 0/5 
J RIR 0/5 
) Maine RIR 0/5 
l Maine RIR 0/5 
Calif. BR 
} Calif. WL 
i WR 3/5 0/5 
) WL 10 2 5 - 
RIR 10 4/4 2/4 
RIR 10 0/4 
8 WL 10 0/5 
19 RIR 0/4 
) RIR 
RIR 
RIR > 
RIR > 
24 SLX 
) RIR 
6 RIR 
SLX 
} RIR 0/5 
RIR 0/5 
0) RIR 0/5 
) RIR 1/5 
l RIR 0/4 
1 RIR 2/4 
M 
RIR 0/4 Uni 
RIR 1/4 Un 
Mo. 
i RIR 0/4 Un 
5 RIR 0/4 Un 
Mo. 
6 RIR 0/4 
7 RIR 0/4 
RIR 0/4 
9 RIR 2/4 
10 RIR 
RIR 
12 RIR 
13 RIR 0/4 
14 RIR 4/4 
$5 RIR 3/4 
16 RIR 4/4 
RIR 4/4 
8 RIR 0/4 
19 RIR 4/4 
0 RIR 4/4 
l Rik 0 0/4 
2 RIR 0/4 
3 RIR 4/4 
{ RIR 4/4 
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titative serum neutralization test for P.E., 
the birds fell into 2 main groups, 1 group 
showing neutralizing doses of from 0 to 
100, and the other from 10,000 to 1,000,000. 


The first group (0 to 100 neutralizing 
doses) consisted of 29 birds, all of which 
came from outside the university flock. Of 
these specimens, 22 represented the New 
England region, namely, Maine, Massachu- 
setts, and Connecticut; 2 each Michigan 
and California; and 1 each New York, New 
Jersey, and Iowa. The only serum showing 
a possibly higher titer than the group was 
serum 28, which had a titer of over 100; 
the exact limits could not be determined, 
due to insufficient serum. Therefore, over 
96 per cent of the samples in this group 
showed a titer of 100 or fewer neutralizing 
doses. 


The second group (10,000 to 1,000,000 
neutralizing doses) consisted of 25 birds, 
all of which came from the University of 
Connecticut flock. Of these specimens, 1 
showed 0 neutralizing doses; 6 specimens, 
10 doses; 2 specimens, 100 doses or over; 
15 specimens, 10,000 doses or over; and 1 
specimen, 1,000,000 doses. Thus, 68 per 
cent of the serums in this group showed a 
titer of over 100 neutralizing doses. As has 
already been stated, no evidence was avail- 
able regarding the spontaneous occurrence 
of P.E. in the local university flock, which 
is physically separated from the unit where 
the present experiments were carried on. 


The high level of P.E. neutralizing anti- 
bodies in a presumably noninfected flock 
may have little or no significance, but it 
would suggest a latent infection, according 
to the tenets of virology. 


According to the known history of all of 
the birds tested, 32 of the 54 could be classed 
as normal; 4 as affected with infectious 
bronchitis; 3 additional specimens were 
known to be immune to this disease; 2 had 
been immunized against fowl pox (some of 
the normal birds probably were of a simi- 
lar status); 7 were affected with various 
forms of lymphomatosis; 2 birds showed 
evidence of adult rickets (osteodystrophia 
fibrosa); 1 of juvenile rickets (rachitis) ; 


and 1 each of coccidiosis, vent gleet, and 
cannibalism. The available data failed to 
suggest any correlation between the level 
of P.E. neutralizing antibodies and the 
known disease history. 

Parallel titrations of 2 serums (29 and 
30) in chicks and embryos gave similar re- 


TABLE 2—Titration of Avian Pneumoencephalitis Virus 


DILUTION OF VIRUS 
No. OF SURVIVING/ 
TOTAL INJECTED 
EMBRYOS 
0-8 10-7 10-6 


CONTROL FOR SERUM TEST 
No. IN TABLE 1* 


40, 
42, 


*Serum test No. 30 was originally planned as a 
negative serum control for serum test No, 29, but 
turned out to contain neutralizing antibodies ; hence 
these two numbers do not appear here. 


sults. Storage of 4 Merthiolated serum 
samples (31, 32, 33, and 35) for one month 
failed to show any decrease in the titer; 
in one instance (No. 31), the titer ascer- 
tained after storage showed an apparent 
tenfold increase. 


SUMMARY 


A method was developed for the quanti- 
tative neutralization test with avian pneu- 
moencephalitis (P.E.) virus in 8- to 10-day- 
old chick embryos. The test gave fairly 
sharp and reproducible results. Fifty-four 
chickens, 32 presumably healthy, and 22 
affected with various diseases, representing 
ages from 3 to 24 months, and various 
breeds, were tested for P.E. neutralizing 
antibodies. Of 54 birds, 29 came from out- 
side the university flock, namely, 22 from 
New England states, 2 each from Michigan 
and California, and 1 each from New York, 
New Jersey, and Iowa. All birds but 1 
(96%) showed fewer than 100 neutralizing 
doses. Of 25 birds from the university 
flock, 17 (68%) showed over 100 neutraliz- 
ing doses ranging from 10,000 to 1,000,000. 


|| 
| 
| 
| 5/5 0/5 0/5 1 to 5 
5/5 2/5 0/5 7 to 11 
1/4 0/4 26, 37 
i 4/5 0/5 0/5 14, 15, 18 
1 0/4 0/2 16, 20, 21 
1/4 0/3 19, 25, 26 
4 1/4 0/4 22, 23, 24 
| 3 0/4 0/4 Ist test, 31, 32, 33, 34, 35 
| 3 1/4 0/3 2nd test, 31, 32, 33, 35 
| 1 0/4 0/4 36, 837, 38, 39, 327 
2/ 0/5 0/5 41 
1 0/4 0/4 a 43, 44, 45, 46, 47 
2 0/4 0/4 48, 49, 50, 51, 52, 53, 28 
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There was no record of a spontaneous oc- 
currence of P.E. in the university flock. 

In limited experiments, parallel titration 
of serum samples in chicks and embryos 
gave comparable results. Preservation of 
serum samples with 1:10,000 Merthiolate 
and their storage for one month did not 
decrease the neutralization titer. 

It is hoped that further light may be 


shed on the relationship of P.E. to pullet 
disease by the use of the quantitative neu- 
tralization test. 
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Comparison of Crystal Violet Antigen, Thiosulfate Antigen, 
and the Tube Method in Testing Pullorum Serums 


RICHARD H. LINN, M.D.; W. H. LEASK, B.A.; MILLARD F. GUNDERSON, Ph.D. 
and JOHN M. SLACK, Ph.D 


Omaha, Nebraska 


SINCE the isolation of Salmonella pullorum 
by Rettger,’ several different techniques 
have been advocated for the detection of 
infection in flocks. These tests include the 
direct isolation of the organism, the intra- 
cutaneous wattle test, the tube agglutina- 
tion test, and the whole-blood agglutination 
test, first described by Bunyea, Hall, and 
Dorset? in 1929. Much work has been done 
on the efficiency of the latter test. Lubbe- 
husen and Beach® record that it is not of 
high enough efficiency to use exclusively. 
Hinshaw, Harr, and Niemeyer‘ find the 
whole-blood test to be about one-half as ac- 
curate as the tube test. However, according 
to Stafseth® the whole-blood agglutination 
test is said to have proved satisfactory in 
eliminating pullorum infection from flocks 
in Michigan. Reid® states that whole-blood 
methods may be relied upon to detect most 
if not all of the carriers of a flock. Barger 
and Torrey’ believe that in trained hands 
the whole-blood test is highly accurate. 
Winter® records good correlation between 
tube tests and spot plate methods. Rettger, 
McAlpine, and Warner® find that the routine 
macroscopic agglutination and the intra- 
cutaneous tests agree closely. 


All of the whole-blood agglutination tests 
cited in the short review above made use 
of the standard crystal violet stained an- 
tigen which has been in common use in re- 
cent years and which is covered by U. S. 
patent 1,816,026. Recently, a new antigen 
has been advocated by MacDonald’® which, 
though it is also stained with crystal violet, 
differs from the former antigen in the me- 
dium upon which the organisms are grown, 


This work was made possible, in part, by a grant 
from the Gland-O-Lac Company of Omaha. 


From the Department of Pathology and Bac- 
teriology, College of Medicine, University of Ne- 
braska, Omaha. 


glycerin and sodium thiosulfate being 
added. The present work is an attempt to 
correlate the reactions of the two whole- 
blood antigens with the results presented 
in the tube method using hyper-immune 
chicken and rabbit serums. It is recognized 
that these results do not strictly represent 
a whole-blood test since serum instead of 
blood was used. It was, however, judged 
better to use serum instead of blood be- 
cause the former could be stored for longer 
periods than the latter, and because there 
would, of a necessity, be some slight quan- 
titative difference between the different 
bloods in their cell to serum ratio, depend- 
ing upon the hematocrit value of the blood 
at the time of the bleeding. These two con- 
siderations, it was felt, outweighed any 
possible criticism in the use of serum in- 
stead of blood. 

Recent reports both from the field and 
from the literature (Kelser and Schoen- 
ing'') have indicated that the significance 
of certain types of whole-blood agglutina- 
tions termed “doubtful” or “sandy” is un- 
known. An effort was made during this 
work to discover the possible causes and 
significance of these atypical reactions. 


EXPERIMENTAL 


The organisms used in this series of ex- 
periments were: 


No. 1—Salmonella pullorum strain 4 

No. 2—Salmonella pullorum strain 10 

No. 3—Salmonella pullorum strain 11 

No. 4—Salmonella typhimurium 

No. 5—Salmonella anatis 

No. 6—Shigella gallinarum (serologically 
identical with Salmonella pu/lor- 
um) 

No. 7—Salmonella enteritidis 

No. 8—Salmonella cholerasuis (suipestifer) 


All antigens discussed in this report were 
prepared from the organisms listed above 
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and may be referred to by their numbers. 
These cultures were all obtained from the 
stock culture collections of either the Gland- 
0-Lac Company of Omaha, Nebraska, or the 
Department of Bacteriology of the College 
of Medicine of the University of Nebraska. 

All organisms were plated out on agar 
and isolated colonies picked four successive 


taining glycerin and sodium thiosulfate; 
the former being referred to hereafter as 
crystal violet antigen, the latter as thiosul- 
fate antigen. In addition to individual an- 
tigens, a polyvalent antigen was made from 
S. pullorum strains 4, 10, and 11, according 
to patent number 1,816,026. Since in both 
spot plate agglutinations and in tube agglu- 


CHICKEN 


3 
4 
5 
6 
7 
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1-1280 


i-1280 


11-1280 


1- 1260 


1280 


1-4000 


1-40 


1-160 


1-320 


11-1280 


+ 1280 


1-320 


+i tititi+it i+ 


- 1-640 


1-20 + 


1. SALMONELLA PULLORUM (4) 


2. SALMONELLA PULLORUM (10) 


CHARTS | AND 2 


times in order to be certain that the or- 
ganisms were in pure culture. Cultural 
reactions of all organisms on routine labora- 
tory mediums showed that they corre- 
sponded with the reactions listed by Ber- 
ge y 12 

Stained antigen was prepared from each 
organism following the method outlined in 
U.S. patent 1,816,026. The organisms used 
for these antigens were grown on veal in- 
fusion agar and on veal infusion agar con- 


tinations this antigen reacted whenever the 
individual pullorum strains did, and failed 
to react when they did not react, the 
polyvalent antigen has not been included in 
the charts. 

Unstained stock suspensions of all an- 
tigens were made up to be used in the tube 
agglutination tests and for injection. The 
former were made to a dilution correspond- 
ing to number three of the McFarland scale 
(1000 million organisms per cc.). All an- 
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tigens used for injection were heat killed 
and tested for sterility. 

One chicken and 2 rabbits were injected 
with each of the 8 antigens. 

The antigens were injected into the mar- 
ginal ear vein of the rabbit, according to 
the following schedule: 


0.5 ec. 
0.5 cc. 


Ist day 
4th day 
8th day 0.5 cc. 
llth day 1.5 cc. 


Rabbit 5B died at the time of the fourth 
injection and no blood was recovered. One 
week following the last injection, all rabbits 
were bled from the marginal ear vein and 
3 cc. of blood collected. This was centri- 
fuged and the serum recovered. If strong 
agglutinations were shown by the spot plate 
method—this was true in each case—the 
rabbits were then bled from the heart and 


RABBIT-A 


the serum collected from this bleeding was 
stored in sterile serum bottles with merthio- 
late in a concentration of one part in ten 
thousand as a preservative. 

All chickens used in this work were tested 
before injection by the spot plate method 
and found to be negative reactors to all 
antigens used. All birds were injected three 
times at weekly intervals with 0.5 cc., 0.5 
cc., and 1.0 ec. of antigen. All antigens were 
injected into the wing vein if possible, 
though in some few cases it was necessary 
to resort to intraperitoneal injections be- 
cause of subcutaneous hemorrhage from the 
vein. One week after the last injection was 
made, all birds were sacrificed by bleeding 
from the jugular vein. The serum obtained 
from this bleeding was stored in the same 
manner as was the rabbit serum. 


Agglutination tests were then run on all 
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abbit and chicken serums with the tube 
1ethod and spot plate method. In the latter, 
1 erystal violet and thiosulfate antigens 
e used. These results are included in 
accompanying charts. 
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though it was possible that in such cases 
as the chicken injected with organism five, 
in which case the homologous titre was 
1:80 and the pullorum titres varied from 
1:160 to 1:1000, an anamnestic reaction 
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5. SALMONELLA ANATI 


Agglutinin absorption tests were also run 
Each serum was titrated ac- 
‘ing to the method presented by Ha- 
’ and absorption tests carried out as 
In each case, it was found 
total absorption of the homologous 
utinin also resulted in total absorption 
‘all other agglutinins. From this, it may 
oncluded that all titres found in the 
it serums were the result of the injec- 
of the antigen, and not of any natural- 
present agglutinins. 
true for all 


Theoretically, this 


6. SHIGELLA GALLINARUM 


CHARTS 5 AND 6 


was present. It might be suspected that 
over the duration of the experiment, the 
titre might drop to such a point that the 
negative agglutinations obtained from ab- 
sorbed serums were due to loss of titre and 
not to the absorption of agglutinins. In 
order to eliminate this possibility, certain 
reactions of each serum were selected and 
the titres of these reactions compared 
against the original values obtained. In all 
cases, the values corresponded closely, and 
thus eliminated the possibility that the 
titres had dropped. 
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In the charts, a plus sign indicates a 
positive spot plate reaction and a minus 
sign indicates a negative reaction. The 
figure in the column labeled “organism” in- 
dicates the organism which was injected 
into the animals of that particular series. 
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negative many times when the crystal violet 
was positive, the differences between the 2 
types of antigens on this particular or. 
ganism should probably be discounted op 
the that there must have been ap 
error in the preparation of this one antigen. 


basis 
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8. SALMONELLA CHOLERASUIS CSUIPESTIFER) 


CHARTS 7 AND 8 


DISCUSSION 


A consideration of these charts shows 
that the crystal violet antigen is more 
sensitive than the thiosulfate. In all, there 
are 28 differences in the reactions between 
the 2 types of antigens and in only 1 of 
these cases was the crystal violet negative 
and the thiosulfate positive. It should be 
noted, however, that 12 of these differences 
were due to the failure of thiosulfate an- 
tigen 4 to react. Since this antigen failed 
in 4 cases to detect a titre of 1:40 and was 


Another indication of the increased 
sensitivity of the crystal violet over the 
thiosulfate antigen is given by the fact that 
the former gave 5 false positives, while the 
latter gave none. The thiosulfate antigen, 
while less sensitive than the crystal violet, 
was not enough so to eliminate all errors 
due to reactions, for it reacted 11 
times with heterogeneous serums showing 
titres of 1:10 or less. 


cross 


These results also show that the crystal 
violet antigen will frequently show a posi- 
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reaction with titres as low as 1:10 and 
occasionally down to 1:2. In this series, a 
titre of 1:10 or below was detected 12 
times and missed 4 times. 

Mention has been made above of the 
“sandy” reactions sometimes seen in the 
field. It is our opinion that this type cf re- 
action represents the response to a low titre 
of pullorum agglutinins. This conclusion is 
based on the following observations. 

Bird MC-5, which was classed at the be- 
ginning of the experiment as a doubtful 
reactor, showed typical sandy-type agglu- 
tination. This bird was never used in any 
of the experimental tests nor injected with 
any antigen. However, after a period of 
three months it became a strong reactor to 
all pullorum antigens. Shortly afterwards, 
the bird showed symptoms of diarrhea and 
an organism was isolated from the feces 
which was identified culturally and serologi- 
cally as a strain of S. pullorum. Since the 
bird never had been in contact with any 
live organisms since the beginning of the 
experiment, it seems only logical to con- 
clude that the sandy reaction found at the 
beginning was due to either a previously 
acquired initial infection, or to an old in- 
fection which had been quiescent for so 
long that the titre had dropped to a very 
low level. 


A further evidence that sandy agglutina- 
tions are due to low titres is shown by the 
fact that a rabbit, previously shown to be 
a negative spot plate reactor, was injected 
once with S. pullorum antigen, and after 
four days gave a sandy, whole-blood test. 
After eight days this rabbit showed a def- 
initely positive reaction. 

in addition to this, it was also shown that 
typical appearing sandy reactions may be 
produced if a high titred serum be diluted 
to very nearly the limits of its titre and a 
loopful of the dilution mixed with a similar 
amount of washed red cells and a drop of 
either type of stained antigen. 


SUMMARY 


) The thiosulfate antigen is less sensi- 
tive than the crystal violet antigen, though 
hot enough so to eliminate cross reactions 
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which might be expected to result from in- 
fections with any one of these organisms. 


2) The crystal violet antigen will detect 
titres of 1:10 in the majority of cases. 


3) “Sandy” or “doubtful” reactions are 
the result of a low concentration of pul- 
lorum agglutinins in the blood tested and 
should be regarded as probably indicating 
either an old quiescent infection or a very 
recent one. 
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Carrier Cattle as a Source of Infective Material for Horsefly 
Transmission of Anaplasmosis 


JOHN C. LOTZE, Ph.D. 
Beltsville, Maryland 


IN NEW outbreaks of bovine anaplasmosis, 
carrier animals, that is, cattle which have 
been able to survive an initial attack of 
anaplasmosis and have returned to an ap- 
parently healthy condition, have been sus- 
pected as a possible source of infection for 
vectors. The experimental transmission of 
the disease from carrier animals by arthro- 
pod vectors has been difficult; only 3 trans- 
missions in 15 attempts with horseflies were 
obtained by the Oklahoma workers.'~* 

In studying the course of the disease in 
experimentally produced infections, the 
author (unpublished data) has confirmed 
certain findings of Sergent et al.,° namely, 
(a) that anaplasma! populations which are 
demonstrable microscopically may fluctuate 
in the blood over long periods following the 
initial attack, and (b) that anaplasms may 
suddenly reappear in the peripheral blood 
after long intervals during which they are 
not detectable on microscopic examination. 
Van Volkenberg® reported that severe re- 
lapses occur under natural conditions in 
naturally infected cattle. These observa- 
tions suggest that the failures to transmit 
anaplasmosis experimentally from carrier 
animals by arthropod vectors may have been 
due to lack of sufficient numbers of the or- 
ganism in the peripheral circulation of the 
carrier animal at the time of the experiment 
rather than to the unsuitability of the ar- 
thropod used as a transmitting agent. It 
appears probable, therefore, that such ex- 
periments might be successful if the trans- 
mission attempts were undertaken at the 
time the organisms are demonstrzble in the 
peripheral circulation of the carrier animal. 


These investigations were conducted in the 
Zoblogical Division, U. S. Bureau of Animal Indus- 
try, Beltsville Research Center, Beltsville, Md. 


Acknowledgment is made of technical assistance 
rendered by George W. Bowman and James A. 
Fowler. 


To test these possibilities, attempts were 
made to transmit Anaplasma marginale from 
carrier animals, using a horsefly, Tabanus 
sulcifrons Macquart, as the vector. The ex- 
periments were conducted in a manner 
similar to that in a previous investigation’ 
in which the disease was transmitted froma 
recently infected bovine animal. In each ex- 
periment, the horseflies were first allowed to 
begin feeding on a particular carrier anima! 
and then were quickly transferred to the 
susceptible or experimental animal. After 
the horseflies had fed for a short time on the 
latter, they were returned to the infected 
animal. The procedure was repeated until 
the horseflies refused to feed. Each feeding 
of a horsefly on the susceptible animal was 
recorded as a bite. 


From July 22 to Aug. 6, 1941, 4 attempts 
were made to transmit the disease from 3 
carrier animals, 189, 190, and 200, which 
had been experimentally infected eleven to 
seventeen months previously, and in which 
the blood was negative microscopically for 
anaplasms at the time of the transmission 
attempts. Each of 3 experimental animals, 
199, 210, and 211, aged thirteen to forty- 
nine months, was bitten by the horseflies 
59, 64, and 64 times, respectively, on a 
single day. The fourth experimental ani- 
mal, 211, aged twelve months, received a 
total of 138 bites on two successive days. 
Anaplasms failed to appear in the blood of 
these experimental animals during a pe- 
riod of six months following the transmis- 
sion attempts. The susceptibility of each 
experimental bovine animal was then tested 
by the injection of blood from the respec- 
tive carrier animal used in the individual 
horsefly transmission attempts. All devel- 
oped anaplasmosis. It is concluded, there- 
fore, (a) that the experimental animals 
were susceptible at the time the transmis- 
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sion Was attempted with horseflies; (b) 
that the blood of the carrier animals was 
infective; (c) that the experimental ani- 
mals had not become infected as the result 
of the bites of the horseflies. 

An opportunity to test a carrier bovine 
animal in which anaplasms had reappeared 
a relatively long time after the host had 
shown symptoms of the disease was not af- 
forded until the summer of 1943. On Aug. 
2? 1943, a reappearance of anaplasms was 
noted in the blood of animal 224, aged ap- 
proximately 4 years and 8 months. Ana- 
plasms remained demonstrable in the blood 
of this animal until August 9 but symptoms 
of anaplasmosis were not apparent. Animal 
294 had been inoculated with anaplasms on 
Aug. 28, 1942. Using animal 224 as a 
source of infective material, two attempts 
were made to transmit the disease. In the 
first attempt, susceptible animal 239, a 
2 1/2-month-old calf, was bitten 72 times 
by 17 horseflies on August 3 and 59 times 
by 15 horseflies on August 4. Approximately 
0.09 and 0.13 per cent of the erythrocytes 
of source animal 224 contained anaplasms 


on the respective dates. In the second trans- 
mission attempt, susceptible animal 240, a 
41/2-month-old calf, was bitten 81 times by 


23 horseflies on August 5. At this time, 
approximately 0.19 per cent of the erythro- 
cytes in animal 224 contained anaplasms. 
Transmission of anaplasmosis was accom- 
plished in both attempts. Although both ex- 
perimental animals were examined for ana- 
plasms on August 28 and 31, the organisms 
were not found in the blood until Sept. 2, 
1943. 

In the experimental attempts to transmit 
anaplasmosis with horseflies, the conditions 
under which positive and negative results 
were obtained suggest a possible mode of 
spread of the disease under natural condi- 
tions. It can be seen that under certain 
conditions the infection in carrier animals 
May remain at a very low level and trans- 
mission of the disease by horseflies may not 
be -eadily accomplished. On the other hand, 
for unexplained reasons, the level of the in- 
fec.ion may rise to such a height that horse- 
fie; may readily transmit the disease. Even 
if only relatively few new cases of anaplas- 
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mosis are produced, the foundation may be 
laid for a severe outbreak of the disease. 

The results obtained in the present in- 
vestigations do not indicate that new out- 
breaks of the disease are necessarily at- 
tributable to horsefly transmission alone. It 
is conceivable that conditions favorable for 
the transmission of anaplasmosis by horse- 
flies are likewise favorable for the trans- 
mission of the disease by other arthropod 
vectors. 


SUMMARY 


In attempts to transmit experimentally 
Anaplasma marginale from carrier cattle 
with a horsefly, Tabanus sulcifrons Mac- 
quart, negative results were obtained in 4 
cases when the source of the infective ma- 
terial consisted of 3 animals which were 
infected for as long as eleven to seventeen 
months and in which anaplasms were not 
demonstrable in the blood by microscopic 
examination. Positive results were obtained 
in two attempts to transmit anaplasmosis 
with the same species of horsefly when ana- 
plasms were microscopically demonstrable in 
the blood of a carrier animal during a mild 
subclinical relapse which occurred approxi- 
mately eleven months after this host had 
been experimentally infected. 
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Some Observations on Experimental Infections of Pigs with 
the Thorn-Headed Worm, Macracanthorhynchus 
Hirudinaceus 


K. C. KATES, Ph.D. 
Beltsville, Maryland 


LITTLE INFORMATION is available regarding 
certain aspects of the biology of the swine 
thorn-headed worm, Macracanthorhynchus 
hirudinaceus, in its definitive host. An in- 
vestigation was undertaken, therefore, to 
ascertain (1) the duration of the prepatent 
and patent periods; (2) the number of eggs 
produced by a single female worm acquired 
through experimental infection; (3) the lo- 
calization of the adult parasites in the in- 
testine; (4) the extent of nodule formation 
and its resolution in the host’s intestine, 
following experimental infections; (5) the 
sex ratio and size of the parasites; and (6) 
the extent to which spontaneous elimination 
of the parasites may occur. The results of 
this investigation, which have already been 
briefly reported in part,’ are presented in 
detail in this paper. 


MATERIALS AND METHODS 


Four pigs of mixed breeds, 2 to 3 months 
old, were used in this investigation. During 
the period from January to August, 1940, 
these pigs were fed varying numbers of in- 
fective acanthellas that were obtained from 
final instar grubs of Cotinus nitida and from 
May beetles of the genus Phyllophaga, which 
had been experimentally infected by means of 
a technique already described?:*. 

Experimental infection of the pigs was car- 
ried out as follows: On Jan, 6, 1940, pig 710, 
weighing 28 lb, was given 48 infective acan- 
thellas in grubs* with feed. Pig 706, weighing 
31 lb, was given 59 infective acanthellas in 
physiologic saline by pipette on Jan. 19, 1940; 
these acanthellas were removed from grubs 
and beetles shortly before administration. Pig 

From the Zodlogical Division, Bureau of Animal 
Industry, Agricultural Research Administration, 
United States Department of Agriculture. 

*When infective acanthellas in the intermediate 
hosts were fed to pigs, they were first counted after 
partial dissection of the abdomen of the grubs or 
beetles, after which the incision was closed. Care 
was taken in each case to ascertain that all acan- 
thellas were consumed by the pig. 


707, weighing 40 lb, was given 24 infective 
acanthellas in grubs on Jan. 12, 1940. Pig 
777, weighing 25 lb, was given many infective 
acanthellas and younger stages as follows: On 
May 9, 1940, 17 infective acanthellas and 
many younger stages in a beetle that had been 
dead less than twenty-four hours; on May 14, 
1940, 65 infective acanthellas from 3 beetles 
that had been dead less than twenty-four 
hours; on July 12, 1940, 35 infective acan- 
thellas from several grubs that had died re. 
cently; on Aug. 2, 1940 and Aug. 6, 1940, 14 
living beetles containing more than 500 acan- 
thellas in various stages of development, an 
undetermined number being in the infective 
stage. 

Since the presence of eggs of Macracan- 
thorhynchus cannot be detected with certainty 
by flotation techniques, the extent of the pre- 
patent periods was ascertained by washing a 
quantity of the feces, following by a micro- 
scopic examination of the sediment for eggs. 
After the eggs appeared in the feces in nun- 
bers greater than 10 per Gm., the number was 
estimated by a modified Stoll dilution tech- 
nique, as follows: 10 Gm. of feces were mixed 
with glass beads in 150 cc. of N/10 NaOH 
solution. After thorovgh comminution, /.15 
ec. samples of the suspension were removed, 
placed on slides, and covered with cover- 
glasses, and the eggs in each preparation 
counted with the aid of a dissecting micro- 
scope. Usually, five counts were made from 
each flask and averaged. 

In the case of pigs 706, 707, and 710, a 
24-hour collection of feces was made from each 
animal at weekly intervals; the number of 
eggs present in the total quantity of feces col- 
lected from each animal was then estimated; 
these data are shown graphically in figure 1. 
In the case of pig 777, which was maintained 
on a wire-mesh floor, all the feces passed each 
day were collected. The average daily egg pro- 
duction was estimated on the basis of dilution 
counts made on samples from pooled, three 
day collections of feces; these data are shown 
graphically in figure 2. 

As the experiment progressed, it was 0b 
served that the number of eggs passed by pigs 
706 and 707 were similar (fig. 1). Conse 
quently, pig 707 was killed June 17, 1940 (dur: 
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ine the 22nd week of infection) to ascertain 
(1) the number of worms present at that 
stave of the infection, (2) the size of the para- 
sites, and (3) other pertinent information. 
Eeg counts were continued on pigs 706, 710, 
and 777 until the number became too small to 
be detected by the technique used. All the 
pigs were then killed for postmortem examina- 
tion (see table 1). 

\t necropsy, observations were made on the 
number, size, sex, and position of the worms 
together with the number, condition and posi- 
tion of nodules in the small intestine. Esti- 
mates were made by dilution counts of the 
number of embryonated eggs contained in the 
bodies of each of the female parasites recov- 
ered. A similar determination was made on 


each of the female worms spontaneously elim- 
inated from the hosts during the period they 
were kept under observation. 


OBSERVATIONS AND RESULTS 


The more important information obtained 
from these experiments is summarized in 
figures 1 and 2, and tables 1 and 2. Points 
of special importance are given below. 

1) Prepatent and Patent Periods.—It was 
not possible to determine precisely the 
length of the prepatent period because of 
the difficulties in finding extremely small 
numbers of eggs in the relatively large vol- 


TABLE 1—Summary of Data on Nodules and Parasites Obtained at Autopsy of Pigs 710, 706, 707, and 777 


INTESTINAL 

DISTANCE OF 
NODULE NODULE FROM 
NU MBER PYLORUS 


GROSS APPEARANCE 
OF NODULE 


PARASITES 
PRESENT 
OR 

ABSENT 


SEX OF 
PARASITE 
(V-VIRGIN 
G-GRAVID) 


LENGTH 
OF LIVE 
PARASITE 


3 parasites at autopsy ; 


Pig 710 (Infected 1-6-40, autopsy 1-17-41) none passed in feces em, 
l 35 ft. 3.5 in, large, caseous, reddened absent -— 
2 36 ft. 2 in. large, caseous, reddened present male 8.9 
3 36 ft. 2.5 in, small, caseous absent - 

43 ft. 0 in. large, caseous absent — 
5 43 ft. 6 in. large, caseous present female (G)?* 40.6 
6 43 ft. 6.5 in. very small, resolved absent - 
H 43 ft. 8.5 in. large, caseous, reddened present female (G)! 39.4 
5 parasites at autopsy; 
Pig 706 (Infected 1-19-40, autopsy 9-11-40) none passed in feces 
29 ft. 0in large, caseous, reddened present male 10.2 
32 ft. 4 in small, caseous, reddened present male 10.8 
32 ft. 10 in medium, caseous, reddened present male 7.6 
{ 34 ft. 7 in. small, slightly reddened absent = 
) 34 ft. 7.5 in. small, caseous, reddened absent -—- = 
6 35 ft. 3.5 in. large, caseous, reddened present female (G) 41.9 
i 37 ft. 3.5 in. very large, caseous, present male 7.0 
reddened, edematous 
9 parasites at autopsy ; 

Pig 707 (Infected 1-12-40, autopsy 6-17-40) 1 female (V) passed in feces 
l 23 ft. 1.5 in. large, caseous present female (G) 40.6 
2 23 ft. 4 in. large, caseous absent - - 

3 23 ft. 5 in. small, flat present female (G) 45.7 
t 23 ft. 5 in. large, caseous, reddened absent - - 
26 ft. Lin. large, caseous absent — - 
6 26 ft. 1.5 in. flat, reddened present female (G) 38.1 
i 26 ft. 2 in. large, Caseous present female (G) 27.9 
8 26 ft. 10 in large, caseous present male 6.3 
) 27 ft. 6in large, caseous present female (V) 33.0 
) 27 ft. 6.5 in very small, resolved proboscis of — - 
passed female 
1 28 ft. Sin large, caseous present male 6.6 
2 28 ft. 8.5 in flat, reddened present male 5.3 
3 $2 ft. 4.5 in large, caseous present female (G) 21.6 
(Autopsy 6-6-41) 6 male parasites at autopsy; 

Pig 777 (Multiple infections 5-9-40 to 8-6-40) 1 male, 6 females passed in feces 

1 28 ft. 8 in. large, Caseous absent — 
2 30 ft. 5 in, small, resolved + absent — -= 
3 30 ft. 5 in. medium, caseous, reddened present male 6.4 
4 31 ft. 5 in. large, caseous, reddened present male 6.4 
) 33 ft. 4 in. large, caseous, present male 7.6 
reddened, edematous 
6 33 ft. 4 in. fused with nodule-5 present male 6.4 
7 33 ft. 5 in. small, caseous, reddened absent —_ — 
) 37 ft. 7 in. small, caseous, reddened present male 6.4 
3 53 ft. 0 in. small, caseous, reddened present male 10.1 


{These two females contained 
their senile condition. 


only 


very 


few 


ovarian masses and embryonated eggs, 


indicative of 
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ume of feces eliminated by the pigs. It is 
apparent, however, that egg production is 
very slight at first, gradually rises to a 
peak, and then declines. In the case of pigs 
710, 707, and 706, small numbers of eggs 
were detected in the feces from seventy to 
eighty days after infection, and sufficiently 
large numbers were passed in each case 
eighty-two days after infection to be de- 
tected by the dilution egg-count method 
(fig. 1). In the case of pig 777, which was 
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thorn-headed worm is slightly in excess of 
two months. 

Variations were observed between the 
different experimental infections in regard 
to the patent period (fig. 1). Pig 706 was 
found at necropsy to have only 1 female 
worm which had produced quantities of eggs 
detectable for 161 days by dilution count. 
It appears that the patent period of this 
female was longer than 161 days, as very 
small numbers of eggs produced early and 
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Fig. I—Egg production in the three pigs given single infections. Eggs recovered per day from two 
24-hour fecal samples taken at the beginning and end of each week were averaged, and each point 
on the graph represents the average eggs per day for each week of the patent period counted. 


given multiple infections beginning May 9, 
1940, and ending Aug. 6, 1940, the first 
eggs were detected in the feces by the sedi- 
mentation technique 110 days after the first 
infection and by the dilution technique 116 
days after this infection (fig. 2). In this 
pig, the early infections probably did not 
occur and the prepatent period was prob- 
ably similar to those in the other three pigs. 
However, it appears from these experiments 
that the prepatent period of the swine 


late in the productive period probably were 
not detected by the methods employed; fur- 
thermore, the single female parasite found 
at necropsy still retained approximately 
5,060,000 embryonated eggs (table 2). Pig 
707 was killed before a determination could 
be made of the length of the patent period. 
Two females, present in pig 710, produced 
eggs in detectable numbers for 294 days. 
At necropsy of the host, these females con- 
tained only very few embryonated eggs and 
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ovarion masses (table 2), indicating that 
fiftv-four weeks after infection they had 
nearly reached the end of their productive 
period and were in a senile condition. In 
pig 777, which was given multiple infec- 
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in the case of pig 777 because of differences 
in the method of collecting the feces. 
Additional data were obtained on the egg 
productivity of these parasites by dilution 
count estimates of the total number of em- 


LENGTH OF 
RECOVERY SPECIMEN 
FEMALE OF OR 


VOLU ME OF 
EGGS AND/OR 
CONDITION OF OVARIAN MASSES 
FEMALES AT TIME ON 


ESTIMATED 
NU MBER OF 
EMBRYONATED 


PIG PARASITES PARASITES FRAGMENT OF RECOVERY SEDIMENTATION EGGS 
cm 
710 1 At necropsy 39.4 alive > 0.1 > 100,000 
2 At necropsy 40.6 alive 0.1 100,000 
706 1 At necropsy 41.9 alive 2.0 5,000,000 
707 1 In feces 15.0 dead 0.1! None (virgin) 
2 At necropsy 40.6 alive 4.0 8,000,000 
3 At necropsy 45.7 alive 4.0 10,000,000 
4 At necropsy 38.1 alive 3.8 7,600,000 
5 At necropsy 27.9 alive 3.0 5,800,000 
6 At necropsy 33.0 alive 1,0 None (virgin) 
7 At necropsy 21.6 alive 2.0 3,000,000 
77 1 In feces 29.2 dead, proboscis lost 0.5 1,800,000 
2 In feces 40.6 dead, proboscis lost 3.0 6,000,000 
3 In feces 33.0 dead, proboscis lost 3.7 10,000,000 
4 In feces 12.7 dead, anterior half lost 0.5 1,300,000 
5 In feces 24.1 dead, proboscis lost 0.7 1,800,000 
6 In feces 36.8 dead, complete worm 3.0 8,500,000 


1only ovarian masses found in these females, 


tions at intervals, eggs were detected in 
the feces for 250 days (fig. 2). In this case, 
however, all 6 females were eliminated spon- 
taneously before necropsy; they were gravid 
and apparently still producing eggs at the 
time they were eliminated from the host 
(table 2). From the data on pig 710 it is 
evident, therefore, that the patent period of 
the swine thorn-headed worm may last ap- 
proximately ten months, or longer. 

2) Egg Production.—An estimate can be 
made, especially from pig 777, of the maxi- 
mum average daily egg production per fe- 
male parasite, as dilution egg counts were 
made on all feces produced by this pig dur- 
ing the patent period. Approximately at 
the peak of egg production this pig har- 
bored 6 female thorn-heads, which produced 
a maximum of approximately 1,560,000 eggs 
per day, or an average of 260,000 eggs per 
day per female (fig. 2). The reason for 
the apparent rhythmical fluctuations in the 
egy production in this pig (fig. 2) was not 
determined. In the case of pig 710, egg 
production was 920,000 eggs per day per 
female, but this figure is not as reliable as 


indicating that copulation had not occurred. 


bryonated eggs present in all females re- 
covered (table 2). Of the 16 females estab- 
lished in the 4 experimental pigs, 2 virgin 
specimens were recovered from pig 707; 
these contained on dissection only ovarian 
masses. The remaining 14 specimens con- 
tained embryonated eggs in varying num- 
bers. The 2 females from pig 710 had near- 
ly reached the end of their productive 
period and contained fewer than 100,000 
embryonated eggs per worm, whereas the 
single female from pig 706 still contained 
approximately 5,000,000 embryonated eggs 
when recovered at necropsy. Pig 707 was 
killed shortly before the parasites reached 
their period of maximum egg production 
(fig. 1), the specimens obtained affording 
excellent material for determination of the 
maximum egg capacity per worm. The num- 
ber of embryonated eggs obtained from the 
5 gravid females varied from 3,000,000 to 
10,000,000, the number being directly pro- 
portional to the size of the parasites. These 
figures do not include the large numbers of 
eggs in the process of development or the 
numerous ovarian masses that were found 
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in these specimens. In the case of pig 777, 
all female worms were eliminated spon- 
taneously before the end of their patent 
period, and the number of embryonated eggs 
obtained per female varied from 1,300,000 
to 10,000,000 (only large fragments of some 
of these specimens were recovered). 


3) Localization of Thorn-Heads in Smal} 
Intestine-—All thorn-heads, as well as 
nodules indicating previous attachment of 
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attach farther down in the small intestine. 
That is, the movement, if any, proceeds ip 
the direction of the peristaltic waves of the 
intestine. 


4) Nodule Formation and Resolution — 
The histopathology of the nodules produced 
by thorn-heads and their formation in the 
small intestines of swine have been de- 
scribed by Weinberg and Romanovitch‘ and 
need not be discussed in detail here. 
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Fig. 2—Egg production of the parasites in pig 777, which was given multiple infections. Each point 

on the graph represents the average eggs per day for each successive 72-hour (3-day) fecal collec- 

tion. Egg counts were made on all feces produced by this pig during the patent period of the worms. 

The small arrows represent worms recovered in the fecal collections and the position of the arrows, 
the time of recovery. 


the worms, observed in the experimental 
pigs were found in the jejunum between 23 
feet and 43 feet from the pylorus, except 
for a male parasite (table 1) which was 
found in pig 777 attached to the wall of the 
ileum, 53 feet from the pylorus. Because of 
the nodules which represent points of pre- 
vious attachment, it appears that when one 
of the worms becomes detached it may re- 


When an infective acanthella is ingested 
its proboscis is retracted into the proboscis 
(see Kates*). As soon as the acanthella 
reaches the pig’s small intestine, or perhaps 
before, the proboscis is extruded and be- 
comes attached to the jejunum by means of 
its hooks. The site of attachment becomes 
reddened and ulcerated. If the intestine is 
not perforated, which is usually the case, 
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the redness may subside and a nodule which 
has a caseous center forms.* 


Nodule 3, pig 707, represented early 
nodule formation. The large attached fe- 
male thorn-head probably had become at- 
tached in this location from nodule 2 shortly 
before autopsy, as the new site of attach- 
ment had not yet become necrotic. Nodule 
2, pig 706, probably represented a later 
stage, as the nodule was small, considerably 
reddened peripherally, and slightly necrotic. 
The larger, more typical nodules may be 
about the size of a hazelnut, caseous, in- 
durated, and may or may not be reddened 
and edematous, such as observed in nodules 
2,5, an 7 in pig 710, and in nodules 6 and 
7 in pig 706. After the worms separate 
themselves from the nodules these lesions 
apparently undergo gradual resolution until 
they are no longer detectable macroscopi- 
cally; this is illustrated by nodules 1, 3, 4, 
and 6 of pig 710 (table 1) and nodule 10 in 
pig 707. The latter is a good example of 
nodule resolution. In this case, the female 
parasite that had been attached to this 
nodule, and passed in the feces twenty-two 
weeks before autopsy, was broken off imme- 
diately posterior to the proboscis; its pro- 
boscis was left in the nodule which had 
almost completely resolved when the autop- 
sy of the pig was held. The presence of the 
proboscis in the nodule apparently had not 
retarded its resolution. 

Upon postmortem examination of pigs 
710, 706, and 707, more nodules than worms 
were found to have resulted from the infec- 
tions (table 1). This indicated that some 
change of position of the parasites in the 
small intestines had occurred. 

In the case of pig 777, 7 adult parasites 
(1 male and 6 females) were passed in the 
feces some time before necropsy (fig. 2), 
when 6 more parasites (all males) were 
found, making a total of 13. Upon exam- 
ination of the small intestine of this pig 


Weinberg and Romanovitch* stated that the 
lr oboseis of this parasite is capable of mechanic- 
aly destroying the mucosa, submucosa, and in- 
testinal muscular layer without provoking any 
iniammatory lesion. In certain cases the injury 
May permit the entrance of pathogenic organisms 
Wwiich may cause an infectious enteritis, or an in- 
te-tinal perforation may result. 
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only 9 nodules were found, indicating 
earlier resolution of at least 4 nodules. 

In the four pigs (706, 707, 710, and 777) 
there were 36 nodules, 23 of these having 
parasites attached and 13 being free from 
worms (see table 1). In the case of the 13 
worm-free nodules it was possible to trace 
the progress of their resolution after the 
elimination of the parasite. A brief de- 
scription of each of the nodules is given in 
table 1. 


5) Sex Ratio and Size.—Of the 31 para- 
sites developing in the 4 pigs, 15 were males 
and 16 females, or an almost equal sex dis- 
tribution. 

As can be seen from table 1 there was 
considerable variation in the size of the 
adult parasites recovered from the four test 
pigs. The males varied in length from 5.3 
cm. to 10.8 cm., the females from 21.6 cm. 
to 45.7 cm. 


6) Spontaneous Elimination of Worms 
from Host.—It is interesting to note that 
7 of the 16 females, and only 1 of the 15 
males, became detached from the intestinal 
wall and eliminated in the host’s feces dur- 
ing the course of the experiment (see fig. 
1 and 2). The greater elimination of fe- 
male worms may have been associated with 
their large size which made them more sus- 
ceptible than the males to removal by 
mechanical or physiological factors oper- 
ating in the intestines of the infected ani- 
mals. 


It is evident that these parasites may 
have become detached from their original 
nodules and attached themselves again at 
another site. In some cases they may have 
been swept out of the alimentary tract by 
the peristaltic movement of the bowel be- 
fore having an opportunity to have become 
firmly fixed to the intestine. As can be seen 
from figure 2, 6 females were lost from pig 
777, late in their patent period; these worms 
may have been considerably reduced in 
vigor by the long egg production and were 
therefore unable to maintain their original 
position or to reéstablish themselves firmly 
after once having loosened their hold on the 
intestine. 
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DISCUSSION 


The only significant report in the litera- 
ture of previous work on experimental in- 
fections of swine with the thorn-headed 
worm is that of Wolffhiigel,° who infected 
several pigs by feeding to them naturally 
infected grubs, and larvae obtained from 
grubs and beetles. The infections obtained 
were somewhat heavier than those reported 
in this paper. The investigator named 
killed several pigs at intervals after infec- 
tion and found that the female thorn-headed 
worm grew at the rate of approximately 
3.05 mm. per day whereas the male grew 
at the rate of approximately 1.44 mm. per 
day. In the investigations herein reported 
the rate of growth of the worms was essen- 
tially the same as found by Wolffhiigel. 


Wolffhiigel also stated that eggs were re- 
covered from feces of experimentally in- 
fected pigs fifty-nine days after infection, 
which is from eleven to twenty-one days 
earlier than observed by the writer in the 
case of pigs 706, 707, and 710. This may 
be explained by the fact that this investi- 
gator succeeded in establishing heavier in- 
fections and the combined small numbers 
of eggs produced by each parasite early in 
the patent period may have been more easily 
observed than in the light infections re- 
ported herein. Wolffhiigel estimated that 
82,000 eggs were produced daily per adult 
female parasite, which was probably the av- 
erage for the entire patent period. In the 
writer’s investigations the maximum daily 
egg production per female, taken at the 
peak, was estimated to be approximately 
260,000. 


SUM MARY 


1) The prepatent period of the swine 
thorn-headed worm has been calculated to 
be from two to three months. 


2) The maximum duration of the patent 
period was approximately ten months. 


3) The estimated average maximum daily 
egg production per female parasite was ap- 
proximately 260,000. Gravid female speci- 
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mens contained at one time as many as 
10,000,000 embryonated eggs and appar. 
ently still retained the potentiality of pro. 
ducing many more. 


4) The majority of the parasites were |o- 
calized in the jejunum, 23 feet to 43 fee 
from the pylorus, but some occasionally be- 
came attached somewhat posterior to this 
region. 


5) Characteristic nodules were formed at 
the site of attachment of the parasites to 
the wall of the small intestine. These 
nodules usually were reddened and/or 
caseous, reaching in some cases approxi- 
mately the size of a hazelnut. The observa- 
tions indicate that these worms may some- 
times change their position of attachment, 
forming new nodules. After the parasite is 
released from a nodule, resolution of the 
lesion takes place. 


6) The number of worms of each sex re- 
covered from the experimental pigs was ap- 
proximately equal. 


7) The female specimens varied in size 
from 21.6 cm. to 45.7 em.; the males from 
5.3 em. to 10.8 em. 


8) Seven female parasites and 1 male 
were spontaneously eliminated from the 
pigs during the course of the experiment, 
and the probable causes of this phenomenon 
are discussed. 
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Growth Changes in Body Organs 
III. Growth Changes in the Pituitary of the Normal Dog 


J. BROWN WHITE, D.V.M., and H. L. FOUST, D.V.M. 
Ames, Iowa 


THIS PAPER, the third in the series, covers 
4 systematic study of growth changes in 
the pituitary gland of the dog. 


REVIEW OF LITERATURE 

Rasmussen!?:3 gives a thorough discussion 
of the weight of the entire human hypophysis 
as well as of its parts. He also gives an excel- 
lent review of the literature on the weight of 
the human hypophysis. 

Latimer*."5 gives the weights of the fetal 
and adult eat hypophysis. In 1941, he studied 
the hypophyses from 155 male and 151 female 
dogs. These dogs were random selections from 
dogs used in the physiology department of his 
institution for experimental work and only 
mature dogs were selected. 

Brody and Kibler? have included the dog in 
some of their data showing the relations be- 
tween organ weight and body weight in grow- 
ing and mature animals. Donaldson*® has stud- 
ied the rat hypophysis and Stockard® worked 
with the dog and has a detailed description 
of the general histology of the hypophysis of 
the normal dog. 


MATERIALS AND METHODS 


A total of 203 dogs, many of which were 
litter mates, from full term to very old age 
were used in this experiment. This group con- 
tained 82 males and 121 females, distributed 
among 65 different age groups as shown in 
table 1. 

The dogs were anesthetized with nembutal, 
weighed, and bled to death. The hypophysis 
was removed by severing the stalk as near the 
brain as possible. Stockard® removed a portion 
of the brain with the stalk. In the dog, the 
meninges are not adherent, as in man. The 
gland was weighed to the nearest milligram on 


partment of Veterinary Anatomy, Division of 
Veterinary Medicine, Iowa State College. Part I 
appeared in Iowa Acad. Sci., 46, (1939): 439-441. 
Part II appeared in Amer. J. of Vet. Res., 1, 
{ 0): 66-72. This project received material sup- 
bor’ from the Research Council of the Graduate 
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an analytical balance, fixed in Susa’s fixative, 
and embedded in the usual manner. Serial sec- 
tions, 7 microns in thickness, were made and 
then differentially stained, using a modified 
Mallory stain. 

Differential cell counts were made on 22 
males and 26 females selected to give a wide 


TABLE I—Ages of Dogs in This Collection, Total 
Number in Each Group and Distribution 
According to Sex 


(Part 2) 


(Part 1) | 
AGE No. In No. No. || AGE No. In No. No. 
iN AGE OF OF | IN AGE OF OF 
Days Group M. F. || Days Group M. F, 
Full 98 1 0 1 
term 10 4 6 105 3 0 3 
1 10 4 6 109 6 3 3 
1% 1 1 0 112 5 0 hy 
9 6 3 3 | 119 3 1 2 
2% 4 1 3 || 140 10 5 5 
3 4 H 0 | 150 3 2 1 
4 { 3 1 || 164 2 0 2 
5 2 1 1 | 180 4 2 2 
6 4 1 3 |} 210 2 1 1 
3 2 | 270 2 2 
9 2 1 1 | 277 1 0 1 
10 3 1 2 300 3 0 3 
11 2 1 1 330 2 0 2 
12 2 1 1 339 1 0 1 
13 2 1 1 365 2 0 2 
14 2 0 2 419 1 1 0 
17 1 0 1 450 1 1 0 
21 4 3 1 520 1 0 1 
24 1 1 0 540 4 3 1 
28 7 2 5 570 1 1 0 
35 3 3 0 690 1 0 1 
42 7 1 6 730 2 1 1 
49 2 ( 2 744 1 0 1 
56 10 2 8 912 1 0 1 
63 2 2 2190 1 0 1 
70 6 3 3 4015 1 0 1 
77 4 o 2 4380 2 2 0 
i 5 2 3 4745 1 0 1 
86 1 1 0 5475 2 2 0 
91 1 0 1 Ages 
92 1 1 0 above 
93 1 1 0 || 5475 8 2 6 
94 1 0 1 Pregnant 5 0 5 
M = Males 
F = Females 


range throughout the age groups (table 2). 
These counts were made according to the tech- 
nique outlined by Stockard. 

Statistical methods (including multiple re- 
gressions and graphs) were applied to the 
data to determine sex differences, relationships 
between gland weight and body weight, and 
age and body weight. Logarithms proved to 
be the best means of interpreting the data and 
gave straight line relationships as shown by 
Brody and Kibler.* 
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TABLE 2—Differential Cell Counts on 22 Males and 26 Females Showing Age, Number of Glands Counted jy 


Pi 3 No 
(GROUPS A Oo } He Gy 3 
IN Pi PH’ LES Pii ( TED 

2 32,00 1.30 66.70 1 

3.46 2.12 74.43 2 

21 51.15 1.85 $7.01 1 
28 18.41 18.74 1 
35 51.96 2.70 15.34 2 
63 7.13 52.11 1 
70 47.23 3.27 19.49 2 
S4 $5.57 2.62 50.81 1 
86 54.71 3.39 $1.99 1 
y? 6.56 6.25 37.19 1 
10) 11.57 46.55 3 
140 10 »80 37.09 3 
51 6.54 33,99 l 
94.55 10 1 
$1) ! tS 1.16 l 
AV. 16 1.45 


RESULTS AND DISCUSSION 

The equation P 0.6965W 1.3122 for 
the straight line shown in figure 1 was fit- 
ted to the line by the method of least 
squares from the dogs in the age groups 
from five days through one year, P being 
the logarithm of the pituitary weight in 
milligrams and W being the logarithm of 
the body weight in kilograms. 
tical work was carried out with the codper- 


The statis- 


Each Age Group and Percentage of Cells 


PER i PERCENT PERCENT ! 
UPS AK ) BASO- CHROMO- G 
N PH Ss PH ES PHOBES 
2 1.67 2 06 66.27 
21%, 146 0.25 65.29 
ig 20.31 2.24 77.45 
28 52.55 2.68 44.77 
$2 3.72 40.23 
56 $1.34 3.41 55.25 
63 33 3.93 62.63 
84 55.59 3.09 41,32 
91 16.51 1.77 48.72 
105 18.97 9.79 $1.23 
109 40.44 10.05 19.51 
119 41.63 7.54 0.81 
140 54.50 39.38 
540 66.46 3.43 l 
Preg 64.96 4.46 30.5) 


ation of G. W. Snedecor, Director of Sta- 
tistics, Iowa State College. 

From the graph in figure 1 it can be 
noted that logarithms give a straight line 
relationship between gland weight and body 
weight. It noted that the 
heavier dogs have heavier glands and the 
smaller dogs have smaller glands. The very 
young animals tend to be above the line, 
while the heavier (usually older) dogs tend 
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Fig. |—Graph on three 
cyclic logarithmic pa- 


— ad per with pituitary weight 
= J in milligrams plotted 
us against body weight in 
3 4 kilograms, the line be- 
ing represented by the 
equation P = 0.6965W 
>~ 4/0 + 1.3122. Teh dots rep- 
4 resent individual dogs. 
4 Notice that logarithms 
> 5 45 give a straight line 
4 relationship. 
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to be below the line. Fatness of the indi- 
vidual dog is certainly a factor here. 

The growing dog gave the best gauge 
for predicting gland weight from body 
weight according to the formula P = 
0.6965W + 1.3122. 

At a given body weight, individual varia- 
tion covered up any effect brought about by 
age. Body weight seemed to be adequate 
in any equation used. A series of litter 
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If any deviations at critical periods are 
present, they are so small that individual 
variation them. 


igures 2 


masks A close study of 
and 4 reveals that a relatively 
large amount of thyroid tissue is not reg- 
ularly associated with either a high amount 
or a low amount of pituitary. Stockard? 
gives a detailed comparison of the thyroid 
and pituitary weights and brings out this 
same fact. 
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Fig. 2—Pituitary weight in grams plotted against age on plain graph paper. The line is 
drawn through the average pituitary weights for the age groups. Individual dogs are not shown. 
Notice the trend toward an increase in the actual weight of the gland in the older, and hence 

larger, dogs. 


mates was used to estimate individual va- 
riation, 

.n effort was made to see if we could 
find deviations from the growth curve at 
critical periods such as weaning and sexual 
maturity, but individual variation masked 
any deviation that might be present. 

his was tried with the pituitary and 
thyroid, in the hope of finding correspond- 
ing deviations, but such was not the case. 


Latimer® showed that the female dog 
hypophyses were, on the average, slightly 
heavier but not significantly so. He found 
that the percentage weights were signifi- 
cantly heavier for the females. Our studies 
revealed that the female hypophyses were 
slightly lighter, but not significantly so. 

Rasmussen! stated that the whole hypo- 
physis was distinctly larger in women, 


which was entirely due to size of the an- 
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re 3—Grams of pituitary per kilogram of body weight plotted against ages of the dogs on plain 
graph paper. The line is drawn through the averages of the grams of gland per kilogram of body 


weight for that particular age group. Notice the trend toward a decreased ratio in the older, and 
hence larger dogs. 
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Fig. 4—Thyroid weight in grams plotted against age on plain graph paper. The line is drawn 
through the average thyroid weight for the age group. Individual dogs are not shown. Notice the 
trend toward an increase in the actual weights of the glands in the older, and hence larger, dogs. 
Compare with figure 2 and notice that the weights of the two glands at any given age are in no 
way correlated. 
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terior lobe. The organ was enlarged in the 
pregnant woman (due to size of the ante- 
rior lobe), and no pregnancy cells were 
detectable. We did not find the gland’ en- 
larged in a group of 5 pregnant dogs and 
no pregnancy cells were observed. In con- 
nection with age, Rasmussen said that the 
hypophsis of women tended to retain its 
weight better than that of men, and that 
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might indicate that we should find such dif- 


ferences between the different breeds of 


dogs, but such did not appear to be the 
case in this study. Our data is too meager 
to allow the drawing of definite conclusions 
as to breed differences, athough we had a 


random sampling of the extremes in size 


and breed. 


A study of figures 3 and 5 reveals that 
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Fig. 5—Grams of thyroid per kilogram of body weight plotted against ages of the dogs on plain 
graph paper. The line is drawn through the averages of the grams of gland per kilogram of body 
weight for that particular age group. Notice the trend toward a decreased ratio in the older, and 

hence larger, dogs. 


in men the anterior lobe undergoes a no- 
ticeable decrease in advanced years. We did 
not observe such a condition in the dog. 

Donaldson® found that the hypophysis 
was larger in the female rat than in the 
male. We can confirm Latimer’s findings 
in that the female dog hypophyses are not 
significantly heavier than the male’s. 

Latimer’s formula for male dogs between 
4 and 24 kg. body weight (Y — 0.0031X 

1.032) works out very well when applied 
to the data here assembled. It will not hold 
for the very young animals in our study, 
but was not intended to be used for any- 
thing under 4 kg. of body weight. By using 
log.rithms we were able to prepare a for- 
mua (l.e.) which holds for all the age 
groups. 


The fact that Donaldson* found some 


wide differences between the hypophyses 
of the albino and the Norway female rat 


the ratio of gland weight in milligrams 
over body weight in kilograms plotted 
against age goes down, while the actual 
gland weight increases for both the pitu- 
itary and thyroid with age and body weight 
(fig. 2 and 4). Such is also the case with 
the spleen, heart, liver, pancreas, and 
adrenals, data for which are not included 
here, but will be published later. There is 
a decrease in the relative amounts of all 
the glands from full term to five days or 
just after birth. 

Rasmussen: stated that the percentage 
of chromophobes was 50 per cent (37-64), 
acidophiles 35 per cent (23-43), and ba- 
sophiles 15 per cent (9-27) in 10 normal 
human hypophyses in which the cells were 
counted. Stockard® stated that for the dog 
the proportion of basophiles to acidophiles 
is in general somewhat lower than the rela- 
tive percentages given by Rasmussen for 
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the human. He reported that the relative 
proportion of acidophiles to basophiles was 
eleven to one. Our findings as shown in 
table 2 confirm Stockard’s statements. 

The work of counting all the glands of 
the 203 dogs is incomplete at present, but 
a close study of table 2 reveals that there 
seems to be a tendency for the chromo- 
phobes to decrease during the growing pe- 
riod and for the chromophiles to increase 
during that same period. There does not 
seem to be any difference between sexes 
except possibly in the case of the pregnant 
female. Our purpose in counting these cells 
was to pick out representative groups dur- 
ing the growing period to see if we could 
find tendencies which would warrant fur- 
ther counting. Since such tendencies do 
exist, the work of cell counting will be con- 
tinued and the complete data reported at 
a later date. 


SUMMARY AND CONCLUSIONS 


1) A total of 203 dogs (82 males and 
121 females) of known age and body weight 
were used in this work. The endocrine 
glands were removed, weighed, sectioned, 
and stained. This paper deals with the 
pituitaries of these dogs. 

2) Differential cell counts were made on 
22 male and 26 female pituitaries and the 
percentages recorded in table 2. 

3) The equation, P = 0.6965W -+- 1.3122, 
was fitted to the line in figure 1 by means 
of the least squares and is presented with 
the hope that it can be used to predict the 
size of the dog pituitary at any given body 
weight. 

4) Logarithms give a straight line rela- 
tionship between gland weight and body 
weight. 

5) Body weight is a better factor than 
age for predicting gland weight. 

6) At a given body weight, individual 
variation covered up any effect brought 
about by age. 

7) Individual variation masked or cov- 


ered up any deviations from the growth 
curve that might be present at critical pe. 
riods such as weaning and sexual maturity, 

8) A relatively large amount of thyroid 
tissue is not regularly associated with 
either a high or low amount of pituitary 
gland. 

9) The female dog pituitary is not sig. 
nificantly heavier than the male, which con- 
firms Latimer’s® findings. 

10) The gland did not appear to be en. 
larged during pregnancy. 

11) The ratio of gland weight to body 
weight decreases with age, while the actual 
gland weight increases with age and body 
weight. 

12) So far as counts have been made, 
there seems to be a tendency for the chro- 
mophobes to decrease and for the chromo- 
philes to increase during the growing pe- 
riod. No sex differences have been found. 

13) The relative proportions of acido- 
philes to basophiles was approximately 
eleven to one. 
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Studies on Johnin 


III. Multiple Testing on Sensitized Cattle as a Method 
of Studying Johnin Potency 


HOWARD W. JOHNSON, B.S., M.S., D.V.M. 
Auburn, Alabama 


SINCE it is now possible to produce johnins 
of relatively high potency, a method better 
than any formerly described of evaluating 
and comparing potencies is needed. One of 
the fundamental requirements of an accept- 
able method is a satisfactory test animal. 
Hagan and Levine! and Mohler? have found 
that guinea pigs could be sensitized to 
johnin by injecting, intraperitoneally, 
Mycobacterium paratuberculosis incorpo- 
rated in paraffin oil. Employing a similar 
method of sensitizing guinea pigs for study- 
ing the potency of johnin, Glover** and 
Johnson and Cox® have reported encourag- 
ing results. Glover’s* results were quite 
satisfactory and showed the desirability for 
selecting guinea pigs weighing 400 Gm. or 
more. Johnson and Cox® found that chickens 
sensitized by oil suspensions gave satisfac- 
tory wattle reactions to johnin. 

In experiments with guinea pigs, chick- 
ens, and cattle sensitized with the same 
strain of M. paratuberculosis, the author 
found the different species did not react 
equally to the same johnin. It is, therefore, 
difficult or impossible to evaluate the po- 
tency of johnin for use in field tests on one 
species by tests made upon another species. 
Potency tests by Hagan and Zeissig,*7:* 
Dunkin,® Glover, and others on naturally 
infected and negative cattle have given evi- 
dence of the desirability of checking the 
potency and diagnostic value of johnin on 
cattle. 

Therefore, a study has been made of the 
possibility of using cattle as test animals 
an’ the results are reported in this paper. 
The paper describes: 

The sensitization of cattle; 


From the Regional Animal Disease Research 
Laboratory, Bureau of Animal Industry, Agricul- 
ura’ Research Administration, U. S. Department 
of Acriculture, Auburn. 


2) the procedure employed in multiple 
testing sensitized cattle; 


3) the method of reading, recording, and 
interpreting the reactions to johnin; 


4) tests of the delicacy or accuracy of 
this method. 
Finally, the paper points out the possibility 
of re-use of the test animals. 


SENSITIZATION OF CATTLE 


Each animal to be sensitized was injected 
intraperitoneally with 60 cc. of a mineral 
oil suspension which contained 3 Gm. of 
moist, viable M. paratuberculosis. The oil 
suspensions were prepared by the method 
described in an earlier publication.’ In or- 
der to determine the time required for the 
injected cattle to develop a maximum sensi- 
tivity, each treated animal was tested at 
intervals of two weeks by making an intra- 
dermal injection of two different johnins, 
one of which was derived from the strain 
used to sensitize and the other from a dif- 
ferent strain. The dose used was always 
0.2 cc. It was found that a maximum sensi- 
tivity was reached at four to six weeks and 
that this held constant for at least sixteen 
weeks. All tests reported in this paper were 
carried out between six and fourteen weeks 
following the intraperitoneal injections. 


Three strains of M. paratuberculosis 
were used as sensitizing agents. Strain “J”, 
obtained from Hagan (Cornell University) 
in 1939, was isolated from intestinal scrap- 
ings from a Johne’s disease cow in 1928. 
Strain “I’’, also received from Hagan in 
1939, was obtained by him at Alfort, 
France. Strain “R”, received from Has- 
tings (University of Wisconsin) in 1939, 
was isolated from a cow with Johne’s dis- 
ease in 19165. 
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It was found advisable to use animals 
which were 2 or more years of age and in 
a good state of nutrition. It was observed 
that following the second or third series of 
multiple tests, animals which had not pre- 
viously been in good condition showed a 
still further loss of condition due to the 
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A method of recording and interpreting 
reactions was adopted after considerable 
data were available. The thickness of each 
area of the skin, before and after injection, 
was determined by the use of a “dermal 
thickness gage’’* and recorded on a pre. 
viously prepared chart. This chart was pre- 


Photo by Leonard Reid Davis 


Fig. |1—Example of an identifying chart of injection points on clipped cattle. 


effects of the injections. Inclement weather 
at such a time caused the deaths of several 
animals. 


MULTIPLE TESTING, RECORDING, AND 
INTERPRETING REACTIONS 


The cattle were prepared for multiple in- 
tradermic injections as follows: Coarse, fol- 
lowed by fine, electric clippers were used to 
remove the hair from the neck, shoulders, 
body, and hind quarters. The clipped sur- 
faces were then cleaned with soap and 
water and allowed to dry. A waterproof ink 
of a color contrasting with that of the skin 
was used to mark spots 3 to 4 inches apart 
on the clipped surfaces with the aid of a 
short, stiff-bristled brush as shown in figure 
1. Skin thickness readings at each spot 
were made and recorded and then intrader- 
mic injections were made under each dried 
ink spot. It was found necessary to keep 
the animals in well-bedded box stalls and to 
re-ink some spots after twenty-four hours 
to prevent loss of identity of the points of 
injection. 


pared by making a rubber stamp imprint 
of the left and right sides of a cow (figure 
1). Then spots were placed upon the im- 
prints and serially numbered. It also had 
serially numbered columns for recording 
the lot number of the allergins employed 
and the forty-eighth hour allergic response 
produced by injection of each dilution of 
each allergin. 

A diffuse swelling approximately 2 cm. 
in diameter and accompanied by a 2 mm. 
increase in skin thickness was considered a 
suspicious reaction and a swelling larger in 
area accompanied by a 3 mm. or more in- 
crease in skin thickness was considered as 
a positive reaction. 

Experience with multiple cattle testing 
has shown that the measurements of the 
diameter of skin swellings are not always 
readily determined. This was particularly 
evident in thick-skinned animals and in 
areas where the skin was taut. In those 
cases, the skin thickening was readily meas- 


*To be described in detail in the fourth pape! 
of the “Studies on Johnin” series. 
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ured but it was found to be impossible to 
determine the exact limits of the surface 
area covered by the swellings. Therefore, 
the skin thickenings were measured with 
accuracy and the diameter of the skin 
swellings was measured as closely as pos- 

Dilutions containing 25 per cent O.J.° 
1 to 4), 2.5 per cent O.J. (1 to 40), and 
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of johnin was different from the one used 
by Okell and Parish’? and others. A scale 
of values for the different reactions was 
adopted and the results were reported in 
those terms. When the highest dilution or 
highest point value at which each of 4 or 5 
tests of the same johnin on each of 5 cattle 
had been determined, the number of tests 
reacting to each value was multiplied by 


Photo by Leonard Reid Davis 


Fig. 2—White India ink spots at points of injections on a clipped animal. 


1.25 per cent O.J. (1 to 400) were prepared 
from each allergin tested. The following 
point scoring system was employed in chart- 
ing data: 


"DILUTIONS 
1-4 1-40 1-400 
Reactions ..........¢ + ++ 
Point Score ........ ‘Sa: 


This system of recording reactions was 
app.ied to each dilution of each allergin so 
that a direct comparison of the relative re- 
activity of each allergin was made on every 
sens tized animal. 

The method for calculating the potencies 


the value scored and the total score ob- 
tained. The total score was then divided by 
the number of tests to determine the av- 
erage value per test. This value was then 
used to compare the potencies of lots of 
johnin. 


EXPERIMENTAL DATA 


A preliminary experiment was carried out 
to determine the relative sensitivity of various 
areas of the skin, the relative value of the 
single and double intradermic methods of test- 
ing, and the most satisfactory amount of mate- 
rial to be injected. Two groups of 4 animals 
each were used in these tests. One animal in 
each group was sensitized with organisms of 
the “I” strain, 1 with organisms of the “J” 
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TABLE |—Distribution in the Size of Reactions (Millimeter Thickening) in 100 Single Intradermic Johnin Injec. 
tions of 0.1 or 0.2 cc. into Homologously Sensitized and Unsensitized Cattle 


0.2 cc. Injections 


DISTRIBUTION IN S1zE oF 100 Re#ACTIONS 


Cow AGE SENSITIZING JOHNIN MILLIMETERS 

No, Yrs, SrRAIN USED 0 1 2 3 4 5 6 7 8 
87 2 J J 1 3 1 
165 % I I 2 1 6 4 10 65 14 7 1 
94 2 -—— J 97 3 0 0 0 0 0 0 0 
112 wy a I 99 1 0 0 0 0 0 0 0 

0.1 cc. Injections 
DISTRIBUTION IN Size oF 100 REACTIONS 

Cow AGE SENSITIZING JOHNIN MILLIMETERS 

No, Yrs, STRAIN USED 0 1 2 3 a 5 6 7 s 
221 y% J J 4 7 13 39 34 2 1 0 0 
15 4 I I 7* 8 10 26 38 9 1 1 0 
103 2 — J 100 0 0 0 0 0 0 0 0 
114 Vy = I 100 0 0 0 0 0 0 0 0 


*Three in locations which proved to be unreadable. 


strain, and 2 were not injected but served as 
controls. Six weeks after their sensitizing 
inoculation each animal of each group was 
multiply injected intradermicly in 100 different 
places with a johnin. Two different doses of 
the johnins were used. In the first group the 
dose used was 0.2 cc. and in the second, 0.1 cc. 
A homologous johnin was used on each sensi- 
tized animal and one control of each group 
was injected with the “J” strain johnin and 
the second control with the “I” strain johnin. 
The forty-eighth hour had previously been 
found to be most satisfactory for final read- 
ings so readings of the single intradermic 
tests were made and recorded at the forty- 
eighth hour as shown in table 1. To have data 
for comparing the double and single intra- 
dermic testing methods, each injection in each 
animal was then repeated and readings of the 
double intradermic tests (table 2) were made 


after twenty-four hours had elapsed. Although 
variations (2 to 8 mm.) in skin response re- 
sulted from multiple injections of sensitized 
animals, no one area was found to be more 
sensitive than others. 

The single intradermic test readings, table 1, 
show that in 100 tests of 0.2 cc. doses of johnin 
“J” on cows sensitized with the “J” strain, 
thickenings varying from 2 to 6 mm. were ob- 
served in 98 cases and 1 mm. or less in only 2 
instances, whereas in 100 tests on a nonsensi- 
tized animal tested with johnin “J,” no thick- 
enings were obtained in 97 cases and a 1 mm. 
thickening in only 3 instances. 

In 100 tests of 0.2 cc. doses of johnin “I” on 
a cow sensitized with the “I” strain, thicken- 
ings varying from 2 to 8 mm. were observed 
in 97 instances and 1 mm. or less in only 3 
cases, whereas in 100 tests on a nonsensitized 
animal injected with johnin “I,” no thicken- 


TABLE 2—Distribution in the Size of Reactions (Millimeter Thickening) in 100 Double Intradermic Johnin Injec- 
tions of 0.1 or 0.2 cc. into Homologously Sensitized and Unsensitized Cattle 


0.2 cc. Injections 


DISTRIBUTION IN S1zE OF 100 REACTIONS 


Cow AGE SENSITIZING JOHNIN MILLIMETERS 
No, Yrs. STRAIN USED 0 1 2 3 4 5 6 7 
87 2 J J 1 0 9 37 30 14 6 1 2 
165 4 I I 2 3 7 2 6 41 24 10 5 
94 2 = J 95 q 1 0 0 0 0 0 0 
112 WY _— I 93 4 2 1 0 0 0 0 0 


0.1 cc. Injections 


DISTRIBUTION IN S1zE or 100 REACTIONS 
MILLIMETERS 


Cow AGE SENSITIZING JOHNIN 

No. Yrs. STRAIN USED 0 1 2 3 a 5 6 7 

221 % J J 2 11 10 23 29 18 4 3 
15 4 I I 4* 14 9 16 20 17 15 4 

103 2 — J 99 1 0 0 0 0 0 0 

114 % oo I 96 3 1 0 0 0 0 0 


*Three in locations which proved to be unreadable. 
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ings were obtained in 99 cases and a 1 mm. 
thickening in only one instance. 

ntradermic test readings following a single 
injection of 0.1 cc. of johnin (table 1) into 
each of 100 test areas on each of 2 sensitized 
and 2 nonsensitized animals showed no reac- 
tions in either of the nonsensitized animals 


—Photo by Leonard Reid Davis 
Fig. 3—Reactions after forty-eight hours. 


while in the animal sensitized with “J” strain 
and tested with a homologous johnin, thick- 
enings varying from 2 to 6 mm. were observed 
in 89 cases and a 1 mm. or less thickening in 
11 cases. In the animal sensitized with “I’’ 
strain and tested with “I” strain johnin, thick- 
enings varying from 2 to 7 mm. were observed 
in 85 cases and a 1 mm. or less thickening in 
15 cases. 

The readings following the double intra- 
dermie tests (table 2) showed that in 100 
tests of two 0.2 ce. injections each of johnin 
“J” on an animal sensitized with the “J” 
strain, thickenings varying from 2 to 8 mm. 
were observed in 99 cases and in 1 instance no 
swelling was observed whereas in the nonsen- 
sitized animal similarly tested 1 area showed a 
2 mm, thickening and 99 areas showed not 
more than 1 mm. thickening. The same num- 
ber of tests using “I” strain johnin on an “I” 
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strain sensitized animal showed 95 thickenings 
from 2 to 8 mm. and 5 of 1 mm. or less. The 
control animal similarly tested with “I” strain 
johnin showed 97 areas with 1 mm. or less 
thickening, 2 areas with 2 mm. thickening, and 
1 area with 3 mm. thickening. 

The double intradermic test using 100 tests 
of two 0.1 cc. injections each of johnin “J” on 
an animal sensitized with the “J” strain re- 
sulted in thickenings varying from 2 to 7 mm. 
in 87 instances and in 13 instances not more 
than 1 mm. thickening occurred. An “I” 
strain sensitized animal tested with “I” strain 
johnin, showed 82 thickenings of 2 to 8 mm. 
and 18 of not more than 1 mm. The 2 control 
animals showed 1 reaction of 2 mm. and 199 
of not more than 1 mm. 


DILUTED 
JOHNIN 


—Photo by Leonard Reid Davis 


Fig. 4—Reactions to four dilutions of an homologous 
johnin after forty-eight hours. 


Results obtained in comparative tests of 0.1 
and 0.2 cc. doses, and given in tables 1 and 2, 
may be summarized as follows: (1) There 
were no significant differences between the 
single and double intradermic johnin tests 
multiply employed on positive animals. (2) 
there were differences of sufficient magnitude 
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CHART !—Dilutions Used for Determining the Limitations of the Multiple Cattle Test Method for Detection 


of Differences in the Potency of Johnins *, 


19-J-8 
19-J-8 add 


Portion No dilution 
Portion = te cc. of 
Portion = to 6 ce. of 19-J-8 add : 
Portion = to 5 ce. of 19-J-8 add { 
Portion E = to 2 ce. of 19-J-8 add 

Portion F = to of 19-J-8 add 


diluent* 
. diluent* 
. diluent* 
diluent* 
sc. diluent* 


100% of standard 
of standard 
of standard 
of standard 
of standard 
of standard 


*Diluent 


between the use of 0.1 cc. and 0.2 cc. injections 
of johnin to indicate the advisability of using 
0.2 cc. of johnin in subsequent tests. (3) The 
double intradermic tests had a greater tend- 
ency to produce confusing swellings in the 
skin of the negative animals than did the 
single intradermic tests. 

Although the reliability of multiple tests 


CHART 2—Dilutions of O.J. Employed to Test the 

Relative Sensitivity or Limits of Accuracy of the Mul- 

tiple Intradermic Test on Mycobacterium Paratuber- 
culosis Sensitized Cattle 


80/320 
70/320 
60/320 
40/320 
20/320 

8/320 


8/320 .8/320 
7/320 -7/320 
6/320 .6/320 
4/320 .4/320 
2/320 .2/320 
-8/320 .08/320 


Portion 
Portion 
Portion 
Portion 
Portion 
Portion 


of johnin on M. paratuberculosis cattle was 
indicated (tables 1 and 2) additional experi- 
mental evidence of the limits of the accuracy 
of this method was necessary. Therefore, the 
following experiments were conducted to deter- 
mine to what extent this test was capable of 
revealing differences in the potency of johnins. 

The single intradermic test, using 0.2 cc. of 
each material and its dilutions, was used 
throughout these experiments. 


0.85 per cent NaCl + 0.5 per cent phenol; 


19-J-8 


Five cattle were sensitized with strain 
“J” and 5 with strain “R” M. paratubercu- 
losis. After six weeks, each of these ani- 
mals was tested in 5 different areas with 
serial dilutions of each of 2 johnins (12-J 
and 107 J-2). The results of this experi- 
ment are recorded in table 3. All 10 sensi- 
tized animals tested with johnin “12-J” 
showed, within the narrow range of the 
dilutions employed, both a remarkable 
agreement between the points scored by the 
5 duplicate series of dilutions on each ani- 
mal and a marked uniformity of sensitivity 
in the individuals of this group of cattle. 
There was never more than one point varia- 
tion in the 5 tests on the same animal and 
in 4 of the 10 animals absolute agreement 
resulted. Johnin “107 J-2” gave results 
almost as uniform. In 4 of the 10 animals 
there was complete agreement, in 5 a varia- 
tion of not more than 1 point, and in 1 a 
variation of 2 points. 

Four weeks following this series of tests 
the same animals were tested with johnins 


TABLE 3—Score of Multiple Test Reactions Employing Two Lots of J Strain Johnin on Mycobacterium Para- 
tuberculosis Sensitized Cattle 


Sensitized with Strain J and 
Tested with Johnin 12-J 


Sensitized with Strain R and 
Tested with Johnin 12-J 


ANIMAL = 
NUMBER 2 


POINTS SCORED 


ANIMAL POINTS SCORED 


NUMBER 


Totals 


Sensitized with Strain J and 
Tested with Johnin 107 J-2 


ANIMAL POINTS SCORED _ 
NUMBER 2 


Sensitized with Strain R and 
Tested with Johnin 107 J-2 


ANIMAL POINTS SCORED 
NUMBER 2 


Totals 


| 
eee . . 
25 per cent O.J 
| 
| 
A 
B 
| C 
D 
E 
F 
| 
| 
. ree 0 0 0 0 0 5 | 0 0 0 0 1 4 
0 0 0 1 0 0 0 0 1 4 0 
ar aie 0 0 0 0 2 3 a 0 0 0 0 3 - 
0 0 0 0 1 4 0 0 0 0 0 
0 0 0 { 4 17 0 0 0 1 8 6 
0 0 0 5 0 0 0 0 4 1 0 
0 0 0 0 0 0 5 0 0 
0 Pe 0 0 0 5 0 0 RA 0 0 0 0 5 i] 
0 0 0 0 1 0 0 0 0 4 
0 0 0 18 5 2 0 0 6 13 2 
"2% 
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prepared as shown in chart 1. All 10 ani- 
mals were injected in 4 different areas with 
each of an undiluted portion, a 1 to 10, and 
a 1 to 100 dilution of each of the portions 
shown in chart 1. The series of dilutions 
thus formed are tabulated in chart 2. 

Tables 4 and 5 give the results of tests 
of johnin “19-J-8” diluted as shown in 
charts 1 and 2 and tests with a control 
johnin “12-J.” Portion A was 25 per cent 
0J 

The 5 animals in table 4 were sensitized 
with strain “J” and tested with johnins 
prepared from the “J” strain (12-J and 
19-J-8) while the cattle in table 5 were 
sensitized with strain “R” and tested with 
the same strain “J” johnins. 

As shown under the heading “12-J” in 
both tables 4 and 5, differences between in- 
dividual tests on the same animal and be- 
tween the various animals were never more 
than one point. The results with “12-J” in 
both the “J” and “R” strain sensitized 


B cattle were also in very close agreement 


with the results of “12-J” johnin injections 
into the skin of the same animals four 
weeks earlier. Under the conditions of 
these experiments, however, the end point 
of response to the allergins was not always 


TABLE 4—Multiple Tests of a Control Johnin (12-J) 


determined and, therefore, a somewhat 
greater variation may have resulted had a 
greater range in dilutions been employed. 

Okell and Parish’ recording the area in- 
volved and the nature of the skin swellings 
resulting from intradermic tuberculin in- 
jections in guinea pigs, found that a 40 
per cent drop in potency of tuberculin was 
almost always detectable if 6 guinea pigs 
were used and that even finer differences 
were detectable when larger numbers of 
guinea pigs were employed. Glover after 
using a similar technique in the testing of 
johnin on M. paratuberculosis sensitized 
guinea pigs, reported: “It was not possible 
to detect any difference between undiluted 
johnin and the 75 per cent dilutions but in 
both instances the two 50 per cent dilutions 
were placed intermediately between the 
strong preparations and the 20 per cent 
dilutions. Sufficient experience of the guinea 
pig test has now been gained to enable a 
drop of 50 per cent or more in potency to 
be detected without difficulty.” 


It was evident from the mm. readings on 
skin thickenings, from which tables 4 and 
5 were prepared, that a drop of less than 
90 per cent was not uniformly detectable 
on the injection of a single series of dilu- 


and Comparison of Dilutions of 19-J-8 Johnin on J 


Strain Sensitized Cattle 


POINTS SCORED 


Cow. No. AND 

LETTER OF SIMUL- CONTROL __ CONCENTRATION OF JOHNIN 19-J-8 _ 
SENSITIZING TANEOUS JOHNIN 100%* 87%* 75%* 50%* 25%* 10%° 

STRAIN TESTs 12-J UNpDIL* A B D E 

1 6 4 5 6 5 2 4 

383 2 6 4 5 6 3 4 

p 3 6 5 5 6 f 2 3 

4 6 4 4 5 } 3 4 

1 6 { 4 6 6 i 5 

384 2 G 5 5 6 6 3 5 

J 3 6 5 hy 6 " 5 5 

i 6 5 5 6 5 4 5 

1 5 5 6 6 5 

280 9 5 5 § 5 5 1 

J H 6 6 5 4 

6 6 6 3 

1 6 4 4 3 

386 6 { 4 4 4 2 

6 4 4 i 4 3 3 

1 6 4 1 1 4 3 3 

1 6 5 4 { 3 3 2 

381 4 5 4 2 2 

J 3 5 5 { 4 1 2 2 

4 4 2 2 


Johnin 12-J was used as an undiluted regular 


intradermic johnin. 


Johnin 19-J-8 was a regular intra- 


lermic johnin, different portions of which were diluted and used in the indicated concentrations (chart 1). 
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tions of a johnin in the skin of a single 
sensitized cow. This was also true when 
the mm. readings were converted into the 
point scoring system and tables 4 and 5 
constructed. However, the agreement of 
the 4 tests on the same animal with the 
different portions was very good. There 
was an average variation of 1 point on 
15.35 per cent of the total number of tests 
and a variation of 2 points on 1.66 per cent. 


and injected intradermicly into sensitized 
cattle for a comparison of their potencies, 

Table 6 gives the results obtained whey 
these “J” strain johnins were multiply 
tested for potency on 5 cattle sensitized 
with “J” strain M. paratuberculosis and 5 
cattle sensitized with “R” strain. Also in. 
cluded in this table are the results of a 
retest with johnin “12-J” on the same 10 
animals after an interval of one month. The 


TABLE 5—Multiple Tests of a Control Johnin (12-J) and Comparison of Dilutions of 19-J-8 Johnin on R Strain 
Sensitized Cattle 


PoINnts SCORED 


Cow. No. AND 
LETTER OF SIMUL- CONTROL 


CONCENTRATION OF JOHNIN 19-J-8 


| 


SENSITIZING TANEOUS JOHNIN 100%* 87%* 75%* 50%* 25%* 10%* 
STRAIN TEsTs 12-J UNDIL* A B S D E F 
1 5 3 2 3 3 1 2 
377 2 5 2 3 3 3 1 2 
R 3 5 3 3 3 2 1 2 
4 5 3 3 3 3 2 2 
1 5 3 3 4 2 2 2 
382 2 6 3 4 3 2 2 2 
R 3 5 3 3 3 2 2 1 
4 6 4 3 3 2 2 l 
1 6 4 4 4 4 4 3 
379 2 6 4 4 4 4 3 3 
R 3 6 4 4 5 4 4 3 
4 6 4 4 4 3 4 3 
1 6 4 4 4 - 3 2 
378 2 5 4 4 4 4 3 2 
R 3 6 3 4 4 4 3 2 
4 6 3 4 4 4 3 2 
1 5 3 4 3 2 3 2 
385 2 5 3 4 3 4 3 2 
R 3 5 4 4 3 3 3 2 
4 5 4 4 4 3 3 2 


*Johnin 12-J was used as an undiluted regular intradermicjohnin. Johnin 19-J-8 was a regular intra- 
dermic johnin, different portions of which were diluted and used in the indicated concentrations (chart 1) 


Further, the results of A-B-C-D-E and F 
in both tables 4 and 5 showed that there 
was a close agreement in the potency titer 
indicated by testing with any one of the 
portions. However, when 4 serial injections 
were made on each of 5 sensitized animals 
and an average reaction per dilution com- 
puted, a drop of 75 per cent or more in 
potency was readily detected. 


In these experiments, when a johnin was 
near the end point of dilution at which it 
elicited response, a smaller drop in the per 
cent dilution was detectable. Therefore, in 
establishing a measure of efficiency for an 
allergic test, the relative potency of the 
material to be diluted must be considered. 


Following these observations, serial ten- 
fold dilutions of 3 johnins were prepared 


2 tests with “12-J” johnin gave nearly iden- 
tical results in both the homologously and 
heterologously sensitized cattle. Johnins 
“107 J-2” and “19 J-8” were of similar po- 
tency but were less potent than “12-J” 
when tested on the cattle which had been 
sensitized with the homologous strain “J.” 
However, when the same 2 lots of johnin 
(107 J-2 and 19 J-8) were tested on cattle 
which had been sensitized with strain “R,” 
“107 J-2” had a potency which was equal 
to that observed in the homologously sensi- 
tized cattle but the average potency score 
per test with “19 J-8” was materially lower. 


DISCUSSION 


It is evident that if Johne’s disease is to 
be combated successfully, a satisfactory and 
standard test must be developed. It is the 
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author’s opinion that intradermic johnin, 
with sufficient study, offers a tool with 
which this disease may be combated. How- 
ever, in evaluating the efficiency of any test 
for the detection of Johne’s disease, it must 
be remembered that much more information 
is needed regarding the clinical and eco- 
nomic aspects of this disease. The absence 
of the “textbook picture” of Johne’s disease 
is hardly evidence that an animal is not 


od it would be possible to establish an av- 
erage value per test that a johnin must 
score to be satisfactory for field use. In ar- 
riving at a satisfactory value, two points 
should be considered: (1) A johnin should 
be of sufficient potency to detect, as nearly 
as possible, 100 per cent of all animals har- 
boring M. paratuberculosis and (2) at the 
same time one which would not cause a re- 
action in animals which had had no ex- 


TABLE 6—Potency Determination of Three Lots of J Strain Johnin on Five J Strain Sensitized Cattle 


> AVERAGE 
JOHNIN PoInts ScoRED* SCORE 
Lot No. 1 2 3 4 5 6 ToTAL ScorE PER TEST 
18 0 0 4 16 116 5.80 
125 (4-36-48)......... 0 0 0 4 4 17 138 5.52 
107 J-2 (4-26-43)......... 0 0 0 18 5 2 109 4.36 
9 J-8 (4-26-43)......... 0 0 0 11 9 0 89 4.45 


Potency Determination of Three Lots of J Strain Johnin on Five R Strain Sensitized Cattle 


AVERAGE 
JOHNIN PoINTs SCORED SCORE 
Lot No, 1 2 3 4 6 ToTraL Score PER TEST 
0 0 0 0 11 9 109 5.45 
12 J (4-26-43)... 0 0 0 1 16 140 5.60 
107 J-2 (4-26-43)......... 0 0 i 6 13 2 113 4.52 
19 J-8 (4036-43) .....2.20. 1 10 9 0 0 68 3.40 
*See explanation under heading “Multiple Testing.” 


eliminating M. paratubercwlosis organisms 
and is not a potential spreader of the 
disease. 

The multiple testing method on sensi- 
tized cattle promises to be a very decided 
improvement over existing methods of com- 
parative testing of lots of johnin or for 
comparative testing of johnin with other 
allergins. This opinion does not seem overly 
optimistic considering that the results ob- 
tained with this method showed that nu- 
merous injections of johnin on different 
parts of the skin of a particular sensitized 
test animal produced reactions of practi- 
cally the same size. The uniform results 
obtained in different areas demonstrated 
that there were no differences in the sensi- 
tivity of the different areas of the skin and 
little, if any, effect of one test upon another. 
The experiments showed also that an ani- 
mal may be used several times if a month’s 
interval is allowed to elapse between tests. 
(More information substantiating this 


point is at hand in unpublished data.) 
Within the accuracy of this testing meth- 


posure to M. paratuberculosis. There should 
be an allowance of a small range in the 
average value per test, in which a johnin 
would be considered satisfactory. It will be 
necessary that studies be undertaken to se- 
lect a strain or group of strains of M. para- 
tuberculosis which will produce a johnin 
antigenically satisfactory for the detection 
of sensitivities which have been produced 
by any strain of M. paratuberculosis. Also 
studies of the relationship between mem- 
bers of the genus Mycobacterium should be 
undertaken in an effort to find a strain or 
strains of M. paratuberculosis which pro- 
duce a high percentage of species-specific 
antigen and an extremely small percentage 
of variety, strain or genus antigen. These 
two studies would make the two points 
more nearly obtainable. After these studies 
have been completed, the resulting johnin 
should be tried on infected and noninfected 
herds accompanied with post mortem and 
laboratory examinations as a final check for 
establishing the limits for a satisfactory 
potency value. 
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SUMMARY 


1) Cattle were highly sensitized by in- 
traperitoneal injections of Mycobacterium 
paratuberculosis suspended in mineral oil. 

2) All areas of the skin showed a uni- 
form and satisfactory sensitivity. 

3) One hundred or more intradermic 
tests were run simultaneously on the same 
sensitized animal with satisfactory results. 

4) The double intradermic method of 
testing failed to show any advantage over 
the single intradermic method employing 
0.2 ec. injections. 

5) Millimeter readings of increases in 
skin thickness resulting from intradermic 
tests will not always detect differences of 
less than 75 per cent. 

6) By using serial tenfold dilutions of 
lots of johnins, potency relationships were 
determined. 

7) Sensitized cattle may be retested at 
intervals of one month. 
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Studies on Johnin: IV. Dermal Thickness Gage 


F. A. KUMMER, B.S., M.S., and HOWARD W. JOHNSON, B. S., M.S., D.V.M. 


Auburn, Alabama 


THE REACTIONS to johnin in cattle following 
intradermal injections were described in the 
preceding paper of this series.’ In order to 
conduct these tests on an extended scale, it 
was found necessary to develop a standard 
testing procedure which would permit inde- 
pendent replicated measurements. Instru- 
ments used heretofore did not provide suf- 


FRICTIONLESS 


ments by eliminating individual errors made 
by different operators. The following fea- 
tures were considered essential in an in- 
strument of this kind: 

1) Uniform gaging pressure during each 

reading. 
2) Gage accuracy of at least +0.5 mm. 
3) Simple calibration of instrument. 


PULLEY 


PUT IN VISE OR CLAMP 


GAGE TO TABLE IN THIS 
POSITION 
i 


TOTAL 
WEIGHT 
210 GRAMS 
ficient accuracy to permit duplicate meas- 
urements on the same animal by different 
persons. Measurements made with the con- 
ventional type of calipers depended pri- 
marily upon the skill and degree of sensi- 
tivity developed by the operator. In most 
instances, the readings obtained by two op- 
erators on the same animal varied consider- 
ably with the same instrument. Therefore, 
it was necessary to devise an instrument 
Which would provide identical measure- 
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CALIBRATION OF PRESSURE 


INDICATOR 


Figure | 


Based on these prerequisites, an instru- 
ment was developed which has given satis- 
factory and consistent test results (fig. 1). 


Principal Parts of Instrument (fig. 2): 


1) Gage frame 7) Pressure indicator 

2) Plunger guide 8) Spindle guide 

3) Plunger bearing 9) Spindle sleeve 

4) Pressure plunger 10) Metric spindle 
rod 11) Vernier thimble 

5) Gaging disks 12) Gage handle 


6) Brass compression 13) Spacer arches (at- 
spring tached to 2 and 8) 


DESCRIPTION OF INSTRUMENT 
The plunger guide (2) and the spindle 
guide (8) are attached to the gage frame 


(1) by means of four 1/8 inch 40 F.H. ma- 
chine screws. The left-hand gaging disk 


(5) is fastened to the pressure plunger rod 
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(4) which slides freely in the plunger bear- 
ing (3). The brass compression spring (6) 
is made from No. 22 gage spring brass wire, 
wound with 18 turns per inch and an in- 
side diameter of 9/32 inch. The spring has 
a total length of 5/8 inch and is placed be- 
tween the gaging disk (5) and the plunger 
bearing (3) as shown. The pressure indi- 
cator (7) is attached to the pressure plun- 
ger rod so that it moves simultaneously with 
the rod. After the instrument is calibrated, 
the point of the indicator should always co- 
incide with the vertical line on the plunger 
guide (2) when gage readings are made. 
The right-hand gaging disk (5) is at- 
tached to the metric spindle (10) which 
operates in the threaded spindle guide (8). 
The spindle sleeve (9) is fastened to the 
spindle guide (8) by means of a solder or 
sweat joint. The vernier thimble (11) is 
attached to the metric spindle (10) by 
means of a steel pin. The spacer arches 
(18) are soldered to guides (2) and (8) 
and provide a uniform skin tension and 
gaging distance between the body of the 
animal and the gaging disks. The threaded 
part of the metric spindle (10) has a pitch 
of 1 mm. One complete revolution of the 
spindle, therefore, advances the gaging disk 
(5) 1 mm. in a longitudinal direction. The 
spindle sleeve (9) is marked with 35 lines, 
1 mm. apart. Thus, each vertical line on 
the sleeve indicates the distance advanced 
by the spindle in one complete revolution. 
Every fifth line is lengthened slightly to 
simplify gage readings. The beveled edge 
of the vernier thimble (11) has four equi- 
distant division marks. Rotation of the 
thimble from one of these marks to the next 
advances the spindle longitudinally 0.25 mm. 
Rotating its four divisions indicates a com- 
plete revolution and advances the spindle 
1 mm. Therefore, to read this instrument 
it is necessary only to count the number of 
lines visible on the sleeve from zero to the 
line which coincides with the beveled edge 
of the vernier thimble. While making this 
reading, it is essential that the point of the 
pressure indicator (7) coincides with the 
vertical line on the plunger guide (2). This 
procedure assures a uniform pressure on 
the skin area to be measured which is not 


dependent upon the operator. The fractions 
of 1 mm. as indicated on the beveled edge 
of the vernier thimble are read simulta- 
neously and are added to the total millime- 
ter reading. Examples of the fractional 
millimeter readings are shown on figure 3. 
It may be noted that the counter-clockwise 
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GAGE READING 2 13.25 MM. 
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GAGE READING = 13.50 MM. 


{UU 


GAGE READING = 13.75 MM. 


GAGE READING = 14.00 MM. 
Figure 3 


rotation of the vernier thimble from one 
mark to the next adds 0.25 mm. to the mil- 
limeter reading obtained by counting the 
number of vertical lines on the sleeve. 


CALIBRATION OF INSTRUMENT 


Before measurements may be made, it is 
necessary to calibrate the instrument. The 
first step is to establish the zero readings 
for the gaging disks and the pressure indi- 
cator. The gaging disks are brought to- 
gether until the beveled edge of the vernier 
thimble coincides with the vertical zero line 
on the spindle sleeve. Further, the thimble 
must be rotated until the zero line on the 
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beveled edge coincides with the horizontal 
or longitudinal line on the spindle sleeve 
from which the vertical lines emanate. The 
pressure indicator should then be adjusted 
on the plunger rod so that the pointer co- 
incides with the vertical line on the plunger 
guide. These positions represent the zero 
readings for the gaging disks and the pres- 
sure indicator. Following this adjustment, 
the brass compression spring must be cali- 
brated. This is best done by employing the 


DERMAL THICKNESS GAGE 


Figure 4 


simple calibration attachment shown in 
figure 4. The instrument is mounted in a 
horizontal position and the gaging disks are 
separated to permit the plunger rod to move. 
An 18-lb. test silk fishing line is then at- 
tached to the end of the plunger rod. The 
line is suspended over a frictionless pulley 
and a weight attached to the end of the line. 
The total suspended weight, including the 
tray, should be 210 Gm. When this weight 
is applied, the indicator must coincide with 
the vertical line of the plunger guide. If 
the spring pressure is too great, the indi- 
cator point will move to the right of the 
line. It will then be necessary to shorten 
the spring slightly by clipping a small por- 
tion from the spring. This procedure may 
have to be repeated several times until the 
pointer comes to rest exactly over the ver- 
tical line on the plunger guide. Shortening 
of the spring should be done carefully to 
avoid removal of too much spring wire 
which would result in a weaker spring than 
required. 


DISCUSSION 


It is evident from the foregoing descrip. 
tion of the instrument that its principal ad. 
vantage is the uniform pressure device 
which eliminates the personal error intro- 
duced by different operators. By compress. 
ing the spring during each measurement to 
the extent where the indicator point coin- 
cides with the vertical line on the plunger 
guide, it is possible to apply a consistently 
uniform pressure on the skin area between 
the two gaging disks. One of the main 
sources of error in obtaining consistent 
replicated readings of skin thicknesses and 
swellings with the compass type calipers 
has been the deviations in pressure applied 
to the instrument by different operators. 
This difficulty has been eliminated in the 
new instrument by the uniform pressure 
device and thus identical duplicate readings 
are made possible regardless of the operator, 


Another advantage over the compass type 
caliper is the higher degree of accuracy ob- 
tained through the use of the vernier thim- 
ble. Although an accuracy of +0.5 mm. 
was considered sufficient, the instrument 
may be read to within +0.25 mm. in its 
present form. If a higher degree of accu- 
racy should prove desirable, it may easily 
be obtained by interpolation between divi- 
sion lines or further graduation of the ver- 
nier thimble. 


The flat faces and comparatively large 
diameters of the gaging disks constitute an 
improvement over the point-contacts of the 
compass type caliper, because the latter are 
not as well suited to diameter measure- 
ments of round and oblong skin swellings. 
The spacer arches may be attached perma- 
nently to the instrument as shown or, if 
preferred, they may be made detachable 
since it may be necessary to make measure- 
ments in less accessible locations on the ani- 
mal. The purpose of the spacer arches is to 
provide uniform spacings between the 
gaging disks and the animal’s body. It 
should be pointed out here that it is neces- 
sary to pull the skin away from the body 
of the animal to determine the original skin 
thickness as well as the diameter of the 
swelling. 
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